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FOREWORD 
! 

This dictionary is one of a series designed for use in schools. It 
is intended for students of Chemistry and related subjects up to A- 
level, but we believe that it will also be helpful to other science 
students, and to anyone interested in chemistry. 


The book contains concise definitions of over 1800 headwords. 
We have tried to include the more important terms used at school 
level, but would welcome any comments regarding serious 
omissions or indeed about the content of any of the entries. 


We would like to thank all the people who have cooperated in 
producing this book. The team of writers and editors is listed on 
the acknowledgements page. We are also grateful to the many 
people who have given additional help and advice. 
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HOW TO USE THIS BOOK 


Headwords The headwords in the dictionary are printed in bold- 
face type. Synonyms of the term come immediately after the 


headword in brackets. For example: 
zwitterion (ampholyte ion) f Anion... . 


Here ‘ampholyte ion’ is simply another term for ‘zwitterion’. The 
same style is used for abbreviations. For instance, the entry: 


nuclear magnetic resonance (NMR) ¢ Amethod.... 
‘NMR’ is a common abbreviation for ‘nuclear magnetic resonance’. 


Level markers Throughout the book we have tried to separate the 
text into two levels by using the marker f.'In reading through an 
-entry, information ap to the t is considered suitable for lower-level 
work; information after the f is suitable for a higher level. For 
instance, the first paragraph of the entry for ‘non-polar solvent’ 


A solvent that . . . for iodine. 
is lower-level information. The remainder of the entry: 
+ Solvation energies are... . 


is higher-level information. 

In using these level markers there are three points to note: , 

(1) Certain headwords have two or more separate definitions, 
numbered 1., 2., etc. Each definition is treated as an entirely 
separate entry from the point of view of level. 

(2) The cross references (see below) are all placed at the end of 
the definition irrespective of level. 


(3) The ‘lower’ and ‘higher’ level sections of the text are designed 
to correspond roughly to O- and A-level work respectively. 
However, there is a variation in the content of different syllabuses 
and in the treatment given by different teachers. This book has not 
been based on the syllabus of any single Examining Board, but 
covers all Boards. Consequently, the level markers should be 
regarded only as a guide. 


Cross references These direct the user to other entries at which 
additional information may be found. All cross references are 
placed at the end of the definition. Unless they directly follow 
higher level text or are specifically marked they apply to both 
lower and higher levels of content. 


Note that the melting points and boiling points given here are at 
standard pressure unless otherwise stated. Relative densities of liquids 
are at standard pressure with the liquid at 20°C relative to water at 
4*C. Relative densities of gases are relative to air, both gases being at 
standard temperature and pressure. Abbreviations used in text are: 


p.n proton number 
(atomic number) 

ram. relative atomic mass 
(atomic weight) 

m.p. melting point . 

b.p. boiling point 

rd. relative density 


A 


absolute alcohol Pure alcohol (ethanol). 


absolute temperature Symbol: T A 

temperature defined by the relationship: 
T = 0+ 273.15 
where @ is the Celsius temperature. The 
absolute séale of temperature was a 
fundamental scale based on Charles’ law 
applied to an ideal gas: 
V= Voll + að) 

where V is the volume at temperature 6, 

» Vo the volume at 0, and a the thermal 
expansivity of the gas. At low pressures 
(when real gases show ideal behaviour) 
a has the value 1/273.15. Therefore, at 0 
= -273.15 the volume of the gas 
theoretically becomes zero. In practice, 
of course, substances become solids at 
these temperatures. However, the 
extrapolation can be used for a scale of 
temperature on. which -273.15°C corres- 
ponds to 0° (absolute zero). The scale is 
also known as the ideal-gas scale; on it 
temperature intervals were called deg- 
rees absolute (°A) or degrees Kelvin 
(°K), and were equal to the Celsius 
degree. It can be shown that the absolute 
temperature scale is identical to the 
thermodynamic temperature scale (on 
which the unit is the kelvin). 


absolute zero The zero value of ther- 
modynamic temperature; 0 kelvin or 
-273.15*C. 


absorption A process in which a gas is 
taken up by a liquid or solid, or in 
which a liquid is taken up by a solid. In 
absorption, the substance absorbed goes 
into the bulk of the material. Solids that 
absorb gases or liquids often have a 
Porous structure. The absorption of 
Bases in solids is sometimes called 
Sorption, Compare adsorption. 


absorption indicator (adsorption indi- 
cator) +An indicator used for titrations 
that involve a precipitation reaction. 


accumulator 


The method depends upon the fact that 
at the equivalence point there is a change 
in the nature of the ions absorbed by the 
precipitate particles. Fluorescein — a 
fluorescent compound — is commonly 
used. For example, in the titration of 
sodium chloride solution with added 
silver nitrate, silver chloride is pre- 
cipitated. Sodium ions and chloride ions 
are absorbed in the precipitate. At the 
end point, silver ions and nitrate ions 
are in slight excess and silver ions are 
then absorbed. If fluorescein is present, 
negative fluorescein ions absorb in 
preference to nitrate ions, producing a 
pink complex. 


absorption spectrum See spectrum. 


abundance 1. The relative amount of a 

given element amongst others; for exam- 
ple, the abundance of oxygen in the 
Earth's crust is approximately 50% by 
mass. 
2. The amount of a nuclide (stable or 
radioactive) relative to other nuclides of 
the same element in a given sample. The 
natural abundance is the abundance of a 
nuclide as it occurs naturally. For 
instance, chlorine has two stable isoto- 
pes of masses 35 and 37. The abundance 
of CI is 75.5% and that of *7Cl is 
24.5%. For some elements the abun- 
dance of a particular nuclide depends on 
the source. 


accelerator A catalyst added to increase 
the rate of a reaction. i 


acceptor The atom or group to which a 
pair of electrons is donated in a coor- 
dinate bond. 


accumulator (secondary cell, storage 
battery) An electric cell or battery that 
can be charged by passing an electric 
current through it. The chemical reac- 
tion in the cell is reversible. When the 
cell begins to run down, current in the 
opposite direction will convert the 
reaction products back into their original 
forms. The most common example is 
the lead-acid accumulator, used in 
vehicle batteries. 


acetal 


acetal TA type of organic compound 
formed by addition of an alcohol to an 
aldehyde. Addition of one alcohol mole- 
cule gives a hemiacetal. Further addition 
yield the full acetal. Similar reactions 
occur with ketones to produce hemike- 
tals and ketals. 


acetaldehyde See ethanal. 
acetamide tSce ethanamide. 

acetate See ethanoate. 

acetic acid See ethanoic acid. 
acetone Sec propanone. 

acetylation +See acylation. 

acetyl chloride Sce ethanoyl chloride. 
acetylene Sec ethyne. 

acetyl group See ethanoyl group. 
Acheson process +See carbon. 


acid A substance that gives rise to hydro- 
gen ions (or H;O*) when dissolved in 
water. An acid in solution will have a 
pH below 7. 1This'definition does not 
take into account the competitive 
behaviour of acids in solvents and it 
refers only to aqueous systems. The 
Lowry-Brénsted theory defines an acid 
as a substance that exhibits a tendency 
to release a proton, and a base as a 
substance that tends to accept a proton. 
Thus, when an acid releases a proton, 
the ion formed is the conjugate base of 
the acid. Strong acids (e.g. HNO) react 
completely with water to give HO *, i.e. 
HNO; is stronger than H,O* and the 
conjugate base NO;- is weak. Weak 
acids (e.g. CH;COOH and C:H;COOH) 
are only- partly dissociated because 
H3O* is a stronger acid than the free 
CAE the ions CH;COO- and 
s - are moderately strong bases, 
See also Lewis acid. : Ni 


acid anhydride tA type of organic 
compound of general formula RCOO. 
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Acid anhydride 


COR’, where R and R’ are alkyl or aryl 
groups. Thzy are prepared by reaction 
of an acyl halide with the sodium salt of. 
a carboxylic acid, e.g.: 
RCOCI + R’COO-Na* 
COR’ + NaCl 

Like the acyl halides, they are very 
reactive acylating agents. Hydrolysis is 
to carboxylic acids: 

RCOOCOR’ + H:O — RCOOH + 
R'COOH 

See also acylation. 


— RCOO- 


acid dyes {The sodium salts of organic 
acids used in the dyeing of silks and 
wool. They are so called because they 
are applied from a bath acidified with 
dilute sulphuric or acetic acid. 


acid halide +See acyl halide. 


acidic Having a tendency to release a 
proton or to accept an electron pair 
from a donor. In aqueous solutions the 
pH is a measure of the acidity, i.e. an 
acidic solution is one in which the 
concentration of HyO* exceeds that in 
pure water at the same temperature; i.e. 
the pH is lower than 7. 


acidic hydrogen A hydrogen atom in a 
molecule that enters into a dissociation 
equilibrium when the molecule is 
dissolved in a solvent. For example, in 
acetic acid (CH;COOH) the acidic 
hydrogen is the one on the carboxyl 
group, -COOH. 


acidimetry Volumetric analysis or acid- 
base titration in which a standard 
Solution of an acid is added to the 
unknown (base) solution plus the indi- 


cator. Alkalimetry is the converse, i.e. 
the base is in the burette. 


acidity constant See dissociation con- 
stant. 


acid salt (acidic salt) A salt in which 
there is only partial replacement of the 
acidic hydrogen of an acid by metal or 
other cations. For polybasic acids the 
formulae are of the type NaHSO, 
(sodium hydrogensulphate) and 
NaH(CO;).2H;O (sodium sesquicar- 
bonate). tFor monobasic acids such as 
HF the acid salts are of the form KHF: 
(potassium hydrogen fluoride). Alth- 
ough the latter were at one time 
formulated as a normal salt plus excess 
acid (ie. KF.HF) it is preferable to 
treat these as hydrogen-bonded systems 
of the type K * (F-H-F)-. 


acid value tA measure of the free acid 
present in fats, oils, resins, plasticizers, 
and solvents, defined as the number of 
milligrams of potassium hydroxide 
required to neutralize the free acids in 
one gram of the substance. 


actinic radiation tRadiation that can 
cause a chemical reaction; for example, 
ultraviolet radiation is actinic. 


actinides {See actinoids. 


actinium A toxic radioactive metallic 
element that is the first member of the 
actinoid series. It occurs in minute 
quantities in uranium ores and has been 
used as a source of alpha particles, 
Symbol: Ac; m.p. 1050°C; b.p. 3200°C 
(calc.); r.d. 10.07 (calc.); p.n. 89; stablest 
isotope 2?7Ac (half-life 21.6 years). 


actinoids (actinides) {A group of 15 
radioactive elements whose electronic 
configurations display filling of the 5f 
level. As with the lanthanoids, the first 
member, actinium, has no f electrons 
(Ac [Rn]6d'7s?) but other members 
also show deviations from the smooth 
trend of f electron filling expected from 
simple considerations, e.g. thorium Th 
[Rn]6d?7s?, berkelium Bk [Rn]Sf*6d'75?. 


acyl group 


The actinoids are all radioactive and 
their chemistry is often extremely diffi- 
cult to study. In general, artificial 
methods using high-energy bombard- 
ment are used to generate them. See 
also transuranic elements. 


activated charcoal See charcoal. 


activated complex The partially 
bonded system of atoms in the tran- 
sition state of a chemical reaction. 


activation energy Symbol: E The mini- 
mum energy a particle, molecule, etc., 
must acquire before it can react; i.c. the. 
energy required to initiate a reaction 
regardless of whether the reaction is 
exothermic or endothermic. Activation 
energy is often represented as an energy 
barrier that must be overcome if a 
reaction is to take place. {See Arrhenius 
equation. 


active mass See mass action, law of. 


activity Symbol; A The average number 
of atoms disintegrating per unit time in 
a radioactive substance. 


acyclic {Describing a compound that is 
not cyclic (does not contain a ring in its 
molecules). 


acylation fA reaction that introduces the 
acyl group (RCO-). Acylating agents 
are acyl halides (R.CO.X) and acid 
anhydrides (R.CO.O.CO.R), which 
react with such nucleophiles as H;O, 
ROH, NH, and RNH; In these 
compounds a hydrogen atom of a 
hydroxyl or amine group is replaced by 
the RCO- group. In acetylation the 
acetyl group (CH;CO-) is used. In 
benzoylation the benzoyl group 
(C«HsCO- ) is used. Acylation is used to 
prepare crystalline derivatives of organic 
compounds to identify them (e.g. by 
melting point) and to protect -OH 
groups in synthetic reactions. 


acyl anhydride +See acid anhydride. 


acyl group The group of atoms RCO-. 


acyl halide 


Acyl halide 


acy! halide (acid halide) A type of 
organic compound of the general 
formula RCOX, where X is a halogen 
(acyl chloride, acyl bromide, etc.). 
+Acyl halides can be prepared by the 
reaction of carboxylic acid with a 
halogenating agent. Commonly, phos- 
phorus halides are used (e.g. PCh)ora 
sulphur dihalide oxide (e.g. SOCh): 
RCOOH + PCl; ^ RCOCI + POCI, 
+ HCI 
RCOOH + SOCI; > RCOCI + SO; 
+ HCI 
The acyl halides have irritating vapours 
and fume in moist air. They are very 
reactive to the hydrogen atom of 
compounds containing hydroxyl (-OH) 
or amine (-NH;) groups. See acylation. 


addition reaction A reaction in which 

additional atoms or groups of atoms are 
introduced into an unsaturated com- 
pound, such as an alkene or ketone. A 
simple example .is the addition of 
bromine across the double bond in 
ethene: 

H;C:CH; + Br; > BrH;CCH;Br 
fAddition reactions can be induced 
either by electrophiles or by nucleo- 
philes. See also electrophilic addition, 
nucleophilic addition. 


addition polymerization See polymer- 
ization. 


adduct +See coordinate bond. 


adiabatic change A change during 
which no energy enters or leaves the 
system. 

- fin an adiabatic expansion of a 
mechanical work is done by the e 
its volume increases and the gas 
temperature falls. For an ideal gas 


undergoing a reversible adiabatic change 
it can be shown that 
pV'- K 
TREK 
and TV^! = K, 
where Kı, K;, and K; are constants and 
y is the ratio of the principal specific 
heat capacities. 
Compare isothermal changę. 


adipic acid {See hexanedioic acid. 


adsorption A process in which a layer of 
atoms or molecules of one substance 
forms on the surface of a solid or liquid. 
All solid surfaces take up layers of gas 
from the surrounding atmosphere. 1 The 
adsorbed layer may be held by chemical 
bonds (chemisorption) or by weaker 
van der Waals forces (physisorption). 
Compare absorption. 


adsorption indicator {See absorption 
indicator. 


aerosol See sol. 
afterdamp Sce firedamp. 


air The mixture of gases that surrounds 
the Earth. The composition of dry air, 
by volume, is 
nitrogen 78.08% 
oxygen 20.95% 
argon 0.93% 7 
carbon dioxide 0.03% 
neon 0.0018% 
helium 0,0005% 
krypton 0,0001% 
xenon 0.00001% 
Air also contains a variable amount of 
water vapour, as well as dust, pollen, . 
and small amounts of other gases. 


air gas See producer gas. 


alabaster A mineral form of gypsum 
(CaSO,2H;0). 
alanine +See amino acids. 


alcohol A type of organic compound of 
the general formula ROH, where R is a 
hydrocarbon group. Examples of simple 


primary 


OH 


tertiary 


Alcohols 


alcohols are methanol (CH;OH) and 
ethanol (C;H;OH ). 

TAlcohols have the -OH group attached 
to a carbon atom that is not part of an 
aromatic ring. Thus, CeH;OH, in which 
the -OH group is attached to the ring, is 
a phenol. Phenylmethanol (CsHsC- 
H;OH) does have the characteristic 
properties of alcohols. 

Alcohols are classified according to the 
environment of the -C-OH grouping. If 
the carbon atom is attached to two 
hydrogen atoms, the compound is a 
primary alcohol. If the carbon atom is 
attached to one hydrogen atom and two 
Other groups, it is a secondary alcohol. 


aldehyde 


If the carbon atom is attached to three 
other groups, it is a tertiary alcohol. 
Alcohols can be prepared by: 
(1) Hydrolysis of haloalkanes using 
aqueous potassium hydroxide: 
RI + OH’ > ROH + l 
(2) Reduction of aldehydes by nascent 
hydrogen (from sodium amalgam in 
water): 
RCHO + 2[H] > RCH;OH 

The main reactions are: 
(1) Oxidation by potassium dichro- 
mate(VI) in sulphuric acid. Primary 
alcohols give aldehydes, which are 
further oxidized to carboxylic acids: 

RCH;OH > RCHO > RCOOH 
Secondary alcohols are oxidized to 
ketones. 
(2) Formation of esters with acids. The 
reaction, which is reversible, is catalysed 
by H* ions: 2 

ROH + R'COOH = R'COOR 

(3) Dehydration over hot pumice 
(400°C) to alkenes: 

RCH;CH;OH - H;O — RCH:CH; 
(4) Reaction with sulphuric acid. Two 
types of reaction are possible. With 
excess acid at 160°C dehydration occurs 
to give an alkene: 
RCH;CH;OH + H;SO, > H;O + 
RCH;CH;HSO, 


RCH;CH;HSO, > RCH:CH; + H;SO; 


With excess alcohol at 140°C an ether is 
formed: 

2ROH — ROR + H;O 
See also acylation, haloalkane. 


o 
ro 


Aldehyde 


H 


aldehyde A type of organic compound 
with the general formula RCHO, where 
the -CHO group (the aldehyde group) 
consists of a carbonyl group attached to 
a hydrogen atom. Simple examples of 
aldehydes are methanal (formaldehyde, 
HCHO) and ethanal (acetaldehyde, 
CH;CHO). 


aldohexose 


Aldehydes are formed by oxidizing a 
primary alcohol. In the laboratory 
potassium dichromate(VI) is used in 
sulphuric acid. They can be further 
oxidized to carboxylic acids. Reduction 
(using a catalyst or nascent hydrogen 
from sodium amalgam in water) 
produces the parent alcohol. 
Aldehydes undergo a number of reac- 
tions: 
(1) They act as reducing agents, being 
oxidized to carboxylic acids in the 
process. These reactions are used as 
tests for aldehydes using such reagents 
as Fehlings solution and Tollen’s 
reagent (silver-mirror test). 
(2) They form addition compounds with 
hydrogen cyanide to give 'cyanohydrins'. 
For example, propanal gives 2-hydroxy- 
butanonitrile: 

C,;H;CHO + HCN — C;H:CH(OH)CN 
(3) They form addition compounds with 
the hydrogensulphate(IV) ion (HSO;~): 
RCHO + HSO; > RCH(OH)(HSO;) 
(4) They undergo condensation reac- 
tions with such compounds as hydrazine, 
hydroxylamine, and their derivatives. 
(5) With alcohols they form hemiacetals 
and acetals, 

(6) They polymerize readily. Poly- 
methanal or methanal trimer can be 
formed from methanal depending on the 
conditions. Ethanal gives ethanal trimer 
or ethanal tetramer. 
See also acetal, 
reaction, condensation 
ketone. 


Cannizzaro 
reaction, 


aldohexose +An aldose sugar with six 
carbon atoms. See sugar. 


aldol +See aldol reaction. 


aldol reaction +A reaction in which two 
molecules of aldehyde combine to give 
an aldol — i.e. a compound containing 
both aldehyde and alcohol functional 
groups. The reaction is base-catalysed; 
the reaction of ethanal refluxed with 
sodium hydroxide gives: 
2CH;CHO — CH;CH(OH)CH;CHO 
The mechanism is similar to that of the 
Claisen condensation: the first step is 
removal of a proton to Bive a carbanion, 


which subsequently attacks the carbon 
of the carbonyl group on the other 
molecule: 

CH;CHO + OH: — `CHiCHO + 
H,0 

See also Claisen condensation. 


aldopentose tAn aldose sugar with five 
carbon atoms. See sugar. 


aldose +A: sugar containing an aldehyde 
(CHO) or potential aldehyde group. See 
sugar. 


alicyclic compound {An aliphatic cyclic 
compound, such as cyclohexane. 


aliphatic compound An organic com- 
pound with properties similar to those 
of the alkanes, alkenes, and alkynes and 
their derivatives. Most aliphatic com- 
pounds have an open chain structure 
but some, such as cyclohexane and 
sucrose, have rings. The term is used in 
distinction to aromai‘c compounds, 
which are similar to benzene. Compare 
aromatic compound. 


alkali A water-soluble strong base. 
Strictly the term refers to the hydroxides 
of the alkali metals (group I) only, but 
in common usage it refers to any soluble 
base. Thus borax solution may be 
described as mildly alkaline. 


alkali metals (group I elements) A group 
of soft reactive metals, each representing 
the start of a new period in the periodic 
table and having an electronic configura- 
tion consisting of a noble-gas structure 
plus one outer electron. The alkali 
metals are lithium (Li), sodium (Na), 
potassium (K), rubidium (Rb), caesium 
(Cs), and francium (Fr). $ 
The elements all easily form positive 
ions M* and consequently are highly 
reactive (particularly with any substrate 
that is oxidizing). As the group is 
descended there is a gradual decrease in 
ionization potential and an increase in 
the size of the atoms; the group shows 
several smooth trends which follow from 
this. For example, lithium reacts in a 
fairly controlled way with water, sodium 


ignites, and potassium explodes. There 
is a general decrease in the following: 
melting points, heats of sublimation, 
lattice energy of salts, hydration energy 
of M *, ease of decomposition of nitrates 
and carbonates, and heat of formation 
of the “-ide”. compounds (fluoride, 
hydridge, oxide, carbide, chloride). 
Lithium has the smallest ion and there- 
fore the highest charge/size ratio and is 
polarizing with a tendency towards 
covalent character in its bonding; the 
remaining elements form typical ionic 
compounds in which ionization, M*X^, 
is regarded as, complete. The slightly 
anomalous position of lithium is illus- 
trated by the similarity of its chemistry 
to that of magnesium. For example, 
lithium hydroxide is much less soluble 
than the hydroxides of the other group I 
elements; lithium perchlorate is soluble 
in several organic solvents. Because of 
the higher lattice energies associated 
with smaller ions lithium hydride and 
nitride are fairly stable compared to 
NaH which decomposes at 345°C. Na;N, 
KN etc, are not obtained pure and 
decompose below room temperature. 
The oxides also display the trend in 
properties as lithium forms M;O with: 
only traces of M;O;, sodium forms M;O; 
and at high temperatures and pressures 
MO;, potassium, rubidium, and caesium 
form M;O; if oxygen is restricted but 
MO, if burnt in air. Hydrolysis of the 


oxides or direct reaction of the metal - 


with water leads to the formation of the 
hydroxide ion. 

Salts of the bases MOH are known for 
all acids and these are generally white 
crystalline solids. The ions M* are 
hydrated in water and remain unchanged 
in most reactions of alkali metal salts. 
Because of the ease of formation of the 
ions M* there are very few coordination 
compounds of the type ML,* apart 
from solvated species of very low 
Correlation times. The group I elements 
form a variety of organometallic 
compounds; the bonding in lithium 
alkyls and aryls is essentially covalent 
but the heavier elements form ionic 
compounds. Organo-alkali metal com- 
Pounds — particularly the lithium 


alkaline-earth metals 


compounds — are widely used in 
synthetic organic chemistry. 

Francium is formed dnly by radioactive 
decay and in nuclear reactions; all the 
isotopes of francium have short half- 
lives. The few chemical studies which 
have been carried out indicate that it 
would have similar properties to those 
of the other metals. 


alkalimetry See acidimetry. 


alkaline-earth metals (group II ele- 
ments) A group of moderately reactive 
metals, harder and less volatile than the 
alkali metals. The term alkaline earth 
strictly refers to the oxides, but is often 
used loosely for the elements them- 
selves. The electronic configurations are 
all those of a noble-gas structure with 
an additional two electrons in the outer 
S orbital. The elements are beryllium 
(Be), magnesium (Mg), calcium (Ca), 
strontium (Sr), barium (Ba), and radium 
(Ra). The group shows an increasing 
tendency to ionize to the divalent state 
M?*, The first member, beryllium has a 
much higher ionization potential than 
the others and the smallest atomic 
radius. Thus it has a high charge/size 
ratio and consequently the bonding in 
beryllium compounds is largely covalent. 
The chemistry of the heavier members 
of the group is largely that of divalent 
ions, 
The group displays a typical trend 
towards metallic character as the group 
is descended. For example, beryllium 
hydroxide is amphoteric; magnesium 
hydroxide is almost insoluble in water 
and is slightly basic; calcium hydroxide 
is sparingly soluble and distinctly basic; 
and strontium and barium hydroxides 
are increasingly soluble in water and 
strongly basic. The group also displays a 
smooth trend in the solubilities of the 
sulphates (MgSO, is soluble, CaSO, 
sparingly soluble, and BaSO, very 
insoluble). The trend Ao increasing 
metallic character is also shown by the 
increase in thermal stabilities of the 
carbonates and nitrates with increasing 
relative atomic mass. 
The elements all burn in air (beryllium 


alkaloid 


must be finely powdered) to give the 
oxide MO (covalent in the case of 
beryllium) and for barium the peroxide, 
BaO, in addition to BaO. The heavier 
oxides, CaO, SrO, and BaO, react with 
water to form hydroxides, M(OH):;; 
magnesium oxide reacts only at high 
temperatures and beryllium oxide not at 
all. The metals Ca, Sr, and Ba all react 
readily with water to give the hydroxide: 
M + 2H;0 2 M?* + 20H" + H: 
In contrast, magnesium requires dilute 
acids in order to react (to the salt plus 
hydrogen), and beryllium is resistant to 
acid attack. A similar trend is seen in 
the, direct reaction of hydrogen: under 
mild conditions calcium, strontium, and 
barium give ionic hydrides, high pres- 
sures are required to form magnesium 
hydride, and beryllium hydride can not 
be prepared by direct combination. 
+Because of its higher polarizing power, 
beryllium forms a range of complexes in 
which the beryllium atom should be 
treated as an electron acceptor (i.e. the 
vacant p orbitals are being used). 
Complexes such as etherates, acety- 
lethanoates, and the  tetrafluoride 
- (BeF,?-) are formed, all of which are 
tetrahedral. In contrast Mg?*, Ca?*, 
Sr?+, and Ba?* have poor acceptor 
properties and form only weak com- 
plexes, even with donors such as 
ammonia or edta. Magnesium forms 
Grignard reagents (RMgX), which are 
important in organic synthesis, and 
related compounds R;Mg.MgX; and 
R;Mg are known. The few organic 
compounds of Ca, Sr, and Ba are ionic. 
All isotopes of radium are radioactive 
and radium was once widely used for 
radiotherapy. The half-life of ?**Ra 
(formed by decay of ?'*U) is 1600 years. 


alkaloid +One of a group of natural 

organic compounds found in plants. 
They contain oxygen and nitrogen 
atoms. Most are poisonous. Examples 
are strychnine and quinine. 


alkane A type of hydrocarbon with 
general formula C,H;,.;. Alkanes are 
saturated compounds, containing no 
double or triple bonds. Mcthane (CH,) 


and ethane (C;H;) are typical examples. 
The alkanes are fairly unreactive (their 
former name, the paraffins, means ‘small 
affinity’). In ultraviolet radiation they 
react with chlorine to give a mixture of 
substitution products. {There are a 
number of ways of preparing alkanes: 
(1) From a sodium salt of a carboxylic 
acid treated with sodalime: 

RCOO-Na* + NaOH — RH + Na;CO) 
(2) By reduction of a haloalkane with 
nascent hydrogen from the action of 
ethanol on a zinc-copper couple: 

RX + 2[H] > RH + HX 
(3) By the Wurtz reaction — i.e. sodium 
in dry ether on a haloalkane: 
2RX + 2Na — 2NaX + RR 
(4) By the Kolbé electrolytic method: 
RCOO-— RR 

(5) By refluxing a haloalkane with 
magnesium in dry ether to form a 
Grignard reagent: 

RI + Mg ^ RMgI 
With acid this gives the alkane: 

RMgl + H > RH 
The main source of lower molecular 
weight alkanes is natural gas (for 
methane) and crude oil. 


alkene A type of hydrocarbon with the 
formula C,H. The alkenes (formerly 
called olefins) are unsaturated com- 
pounds containing double carbon- 
carbon bonds. They can be obtained 
from crude oil by cracking alkanes. 
Important examples are ethene (C1H4) 
and propene (C;He), both of which are 
used in plastics production and as star- 
ting materials for the manufacture of 
other organic chemicals. 
jThe methods of synthesizing alkenes 
are: 
(1) The elimination of HBr from a 
haloalkane using an alcoholic solution 
of potassium hydroxide: 
RCH;CHiBr + KOH — KBr + H;O 
+ RCH:CH; 
(2) The dehydration of an alcohol by 
passing the vapour over hot pumice 


(400°C): 

RCH;CH;OH > RCH:CH; + H;O 
The reactions of alkenes include: 
(1) Hydrogenation using a catalyst 
(usually nickel at about 150°C): 


RCH:CH; + H;  RCH;CH, 
(2) Addition reactions with halogen 
acids to give haloalkanes: 
RCH:CH; + HX > RCH;CH;X 
The additionfoilows Markovnikoff'srule. 
(3) Addition reactions with halogens, 


eg 

RCH:CH; + Br; > RCHBrCH;Br 
(4) Hydration using concentrated 
sulphuric acid, followed by dilution and 


warming: 

RCH:CH, + H;0 > RCH(OH)CH; 
(5) Oxidation by cold potassium 
permanganate solutions to give diols: 

RCH:CH; + H,0 + [O] ^ 

RCH(OH)CH;OH 

Ethene can be oxidized in air using a 
silver catalyst to the cyclic compound 
epoxy ethane (C;H40). 
(6) Polymerization to polyethene (by 
the Ziegler or Phillips process). 
See also oxo reaction, ozonolysis. 


alkoxide An organic compound. con- 
taining an ion of the type RO”, where R 
is an alkyl group. Alkoxides are made 
by the reaction of metallic sodium on an 
alcohol. Sodium ethoxide (C;Hs;O-Na*) 
is an example. 


alkylbenzene +A type of organic hydro- 
carbon containing one or more alkyl 
groups.substituted onto a benzene ring. 
Methylbenzene (C,;HsCH;) and 1,3-dim- 
ethylbenzene are simple examples. 
Alkylbenzenes can be made by a Friedel- 
Crafts reaction or by the Fittig reaction. 
Industrially, large quantities of methyl- 
benzene are made by the hydroforming 
of crude oil. 
Substitution of alkylbenzenes can occur 
at the benzene ring. The alkyl group 
directs the substituent into the 2- or 
4-position. Substitution of hydrogen 
atoms on the alkyl group can also occur. 


alkyne A type of hydrocarbon with the 
general formula C,H;,;. The alkynes 
are unsaturated compounds containing 
triple carbon-carbon bonds. The sim- 
plest member of the series is ethyne 
(C;H;), which can be prepared by the 
action of water on calcium dicarbide. 


allotropy 


The alkynes were formerly called the 
acetylenes. 

CaC; + 2H;0 > Ca(OH): + C;H; 
TIn general, alkynes can be made by the 
cracking of alkanes or by the action of a 
hot alcoholic solution of potassium 
hydroxide on a dibromoalkane, for 
example: 

BrCH;CH;Br + KOH - KBr + 
CH::CHBr + H;O 

CH;:CHBr + KOH — CHCH + KBr + 

H,0 
The main reactions of the alkynes are: 
(1) Hydrogenation with a catalyst 
(usually nickel at about 150°C): 
CH: + H> C,H, 
C,H, + H: > CH, 
(2) Addition reactions with halogen 
acids: 
C,H, + HI ^ H;C:CHI 
H;C:CHI + HI > CH;CHI 
(3) Addition of halogens; for example, 
with bromine in carbon tetrachloride: 
C;H; + Br; > BrHC:CHBr 
BrHC:CHBr + Br; ^ Br, HCCHBr, 

(4) With dilute sulphuric acid at 60-80°C 
and mercury(II) catalyst, ethyne forms 
ethanal: 


C.H; + H:0 > H;C:C(OH)H 
This enol form converts to the aldehy- 
de: 
CH;COH 
(5) Ethyne polymerizes if passed 
through a hot tube to produce some 


benzene: 

3C;H; > CoH, 
(6) Ethyne forms dicarbides (acetylides) 
with ammoniacle solutions of copper(I) 
and silver(I) chlorides. 


alkyl group A group obtained by 
removing a hydrogen atom from an 
alkane or other aliphatic hydrocarbon. 


alkyl halide See haloalkane. 


allotropy The ability of certain elements 
to exist in more than one physical form: 
Sulphur and phosphorus are the most 
common examples. tAllotropy is more 
common in groups IV, V, and VI of the 
periodic table than in other groups. 
See also enantiotropy, monotropy. 


alloy 


alloy A mixture of two or more metals 
(e.g. bronze or brass) or of a metal with 
small amounts of non-metals, (e.g. steel). 
+Alloys may be completely homo- 
geneous mixtures or may contain small 
particles of one phase in the other phase. 


Alnico (Trademark) Any of a group of 
very hard brittle alloys used to make 
powerful permanent magnets. They 
contain nickel, aluminium, cobalt, and 
copper in various proportions. tiron, 
titanium, and niobium can also be 
present. They have a high remanence 
and coercive force. 


alum {A type of double salt. Alums are 
double sulphates obtained by crystal- 
lizing mixtures in the correct propor- 
tions. They have the general formulae: 
M3;SO,.M^(SO,),.24H;0 
Where M is a univalent metal or ion, 
and M' is a trivalent metal. Thus, 
aluminium potassium sulphate (called 
potash alum, or simply alum) is 
K3SO,.Ab(SO,)).24H:0 
Aluminium ammonium sulphate (called 
ammonium alum) is 
(NH4):S04.Al(S04);.24H:0 
The name ‘alum’ originally came from 
the presence of Al’* as the trivalent ion, 
but is also applied to other salts contain- 
ing trivalent ions, thus: 
Chromium(III) potassium sulphate 
(chrome alum) 
K3S0,.Cr(SO4).24H;O 


alumina See aluminium oxide. 
aluminate See aluminium hydroxide. 


aluminium A soft moderately reactive 
metal; the second element in group III 
of the periodic table. It has the electronic 
Structure of neon plus three additional 
Outer electrons. There are numerous 
minerals of aluminium; it is the most 
common metallic element in the Earth's 
crust (8.1% by weight) and the third in 
order of abundance. Commercially 
important minerals are bauxite (hydra- 
ted ALlO;) corundum (anhydrous 
ALO:), cryolite (NasAIF,), ‘and clays 
and mica (aluminosilicates). The metal 
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is produced on a massive scale by the 
Hall-Héroult method in which alumina, 
a non-electrolyte, is dissolved in molten 
cryolite and electrolysed. The bauxite 
contains iron, which would contaminate 
the product, so the bauxite is dissolved 
in hot alkali, the iron oxide is removed 
by filtration, and the pure alumina then 
precipitated by acidification. Molten 
aluminiumis tapped off from the base of 
the cell and oxygen evolved at the anode. 
The aluminium atom is much bigger 
than boron and its ionization potential 
is not particularly high. Consequently 
aluminium forms positive ions AD". 
However, it also has non-metallic 
chemical properties. Thus, it is ampho- 
teric and also has a number of covalently 
bonded compounds. 

Unlike boron, aluminium does not form 
a vast range of hydrides — AIH; and 
ALH,; may exist at low pressures, and 
the only stable hydride, (AIH;),, must 
be prepared by reduction of aluminium 
trichloride. The ion AIH,” is widely 
used in the form as LiAIH, as a vigorous 
reducing agent. 

The reaction of aluminium metal with 
oxygen is very exothermic but at 
ordinary temperatures an impervious 
film of the oxide protects the metal from 
further attack. This oxide film also 
protects aluminium from oxidizing acids. 
There is only one oxide, AlO, 
(alumina), but a variety of polymorphs 
and hydrates are known. It is relatively 
inert and has a high melting point, and 
for this reason is widely used as a 
furnace lining and for general refractory 
brick. Aluminium metal will react with 
alkalis releasing hydrogen and producing 
initially Al(OH); then Al(OH),-. 
Aluminium reacts readily with the 
halogens; in the case of chlorine thin 
sheets will enflame. The fluoride has a 
high melting point (1290°C) and is ionic. 
The other halides are dimers in the 
vapour phase (two halogen bridges). 
Aluminium also forms a sulphide 
(AhS;), nitride (AIN), and carbide 
(ALC), the latter two at extremely high 
temperatures. 

Because of aluminium's ability to expand 
its coordination number and tendency 


towards covalence it forms a variety of 
complexes such as AIF,?- and AIC. A 
number of very reactive aluminium 
alkyls are also known, some of which 
are important as polymerization cataly- 
sts. 

Symbol: Al; m.p. 659,8°C; b.p. 1800°C; 
r.d. 2.702; p.n. 13; r.a.m. 26.97. 


aluminium acetate (aluminium ethano- 
ate, Al(OOCCH;);) A white solid 
-soluble in water. It is usually obtained 
as the dibasic salt, basic aluminium 
ethanoate (A (OH)(C;H30;)). It is 
prepared by dissolving aluminium 
-hydroxide in ethanoic acid and is used 
extensively as a mordant in dyeing and 
as a size for paper and cardboard 
products. +The solution is hydrolysed 
and contains various complex alumin- 
ium-hydroxyl species and colloidal 
aluminium hydroxide. 


aluminium bromide (AlBr) A white 
solid soluble in water and many organic 
solvents. 


aluminium chloride (AICl) A white 
covalent solid that fumes in moist air: 
AlCl; + 3H;0 — Al(OH); + 3HCI 
It is prepared by heating aluminium in 
dry chlorine or dry hydrogen chloride. 
TVapour-density measurements show 
that its structure is a dimer; it consists 
of Al,Cl, molecules in the vapour. The 
AlCl; structure would be electron defi- 
cient. Aluminium chloride is used in 
Friedel-Crafts reactions in organic 
preparations, 


aluminium fluoride (AIF;) A white 
crystalline solid that is slightly soluble 
in water but insoluble in most organic 
solvents. Its primary use is as an additive 
to the cryolite (Na;AIF;) electrolyte in 
the production of aluminium. 


aluminium hydroxide (AK(OH)) A 
white powder prepared as a colourless 
gelatinous precipitate by adding ammo- 
nia solution or a small amount of sodium 
hydroxide solution to a solution of an 
aluminium salt. It is an amphoteric 
hydroxide. It is used as a foaming agent 


aluminium sulphate 


in fire extinguishers and as a mordant in 
dyeing. 
fits amphoteric nature causés it to 
dissolve in excess sodium hydroxide 
solution to form the aluminate ion. ` 
Al(H,0),(OH); + OH" > 
AXKH;0)(OH), + H;O 
No aluminium carbonate is produced 
since solutions of carbonates are suffi- 
ciently alkaline to precipitate aluminium 
hydroxide from solutions of aluminium , 
salts. When precipitating, aluminium 
hydroxide readily absorbs coloured 
matter from dyes to form lakes. 


aluminium nitrate (AI(NO;)..9H;0) A 
hydrated white crystalline solid prepared 
by dissolving freshly prepared alumin- 
ium hydroxide in nitric acid. It cannot 
be prepared by the action of dilute nitric 
acid on aluminium since the metal is 
rendered passive. 


aluminium oxide (alumina, Al,0;) A 
white powder that is almost insoluble in 
water. Because of its amphoteric nature 
it will react with both acids and alkalis. 
Aluminium oxide occurs naturally as 
bauxite, corundum, and white sapphire; - 
it is manufactured by heating aluminium 
hydroxide. It is used in the extraction by 
electrolysis of aluminium, as an abrasive 
(corundum), in furnace linings (because 
of its refractory properties), and as a 
catalyst (e.g. in the dehydration of 
alcohols). 


aluminium ^ potassium sulphate 
(potash alum, ALl(SO;)..K:SO,.24H;0, 
AIK(SO;).12H;O0) A white solid, 
soluble in water but insoluble in alcohol, 
prepared by mixing equimolecular quan- 
tities of solutions of ammonium and 
aluminium sulphate followed by crystal- 
lization. It is used as a mordant for dyes, 
as a waterproofing agent, and as a 
tanning additive. 


aluminium sulphate (Al:(S04).18H:0) 
A white crystalline solid. It is used as a 
size for paper, a precipitating agent in 
sewage treatment, a foaming agent in 
fire control, and as a fireproofing agent. 
fits solutions are acidic by hydrolysis, 


aluminium trimethyl 


containing such species as Al(H2Q);- 
(OH)?*. 


aluminium trimethyl See trimethyl- 
aluminium. 


amalgam An alloy of mercury with one 
or more other metals. Amalgams may 
be liquid or solid. An amalgam of 
sodium (Na/Hg) with water is used as a 

, Source of nascent hydrogen. 

americium A highly toxic radioactive 
silvery element of the actinoid series of 
metals. A transuranic element, it is not 
found naturally on Earth but is 
synthesized from plutonium. Ameri- 
cium-241 has been used in gamma-ray 
radiography. 
Symbol: Am; m.p. 994°C; b.p. 2607°C; 
r.d. 13.67; p.n. 95; stablest isotope YAm 
(half-life 7.4 x 10? years). 


amide tA type of organic compound of 
general formula RCONH;. Amides ere 
white sclids, which can be formed by 
the partial dehydration of the ammon- 
jum salt of a carboxylic acid: 
RCOO"NH,* - H:O > RCONH; 
Glacial acetic acid can be used as the 
dehydrating agent. 
Reactions of amides include: 
(1) Reaction with hot acids to give 
carboxylic acids: 
RCONH; + HCl + H;0 -> RCOOH 
+ NH.CI 1 
(2) Reaction with nitrous acid to give 
carboxylic acids and nitrogen: 
RCONH; + HNO; > RCOOH + N, 
+ Hi 
(3) Dehydration by phosphorus(V) 
Oxide to give a nitrile: 

RCONH; - H;O > RCN 

See also Hofmann degradation. 


amine A compound containing a nitro- 
gen atom bound to hydrogen atoms or 
hydrocarbon groups. They have the 
general formula R;N, where R can be 
hydrogen. Amines can be prepared by 
reduction of amides or nitro compounds. 
They are basic, forming the ion R;NH*. 


amino acids Derivatives of carboxylic 
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acids in which a hydrogen atom in an 
aliphatic acid has been replaced by an 
amino group. Thus, from ethanoic acid, 
the amino acid 2-aminoethanoic acid 
(glycine) is formed. All are white, 
crystalline, soluble in water, and with 
the sole exception of the simplest 
member, all are optically active. 

In the body the various proteins are 
assembled from the necessary amino 
acids and it is important therefore that 
all the amino acids should be present in 
sufficient quantities. In man, twelve of 
the twenty amino acids can be 
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synthesized by the body itself. Since 
these are not required in the diet they 
are known as non-essential amino acids. 
The remaining eight cannót be syn- 
thesized by the body and have to be 
supplied in the diet. They are known as 
essential amino acids. 

+The amino acids that occur in proteins 
all have the -NH;. group and the 
-COOH group attached to the same 
carbon atom. They are thus alpha amino 
acids, the carbon atom being the alpha 
carbon. They have complex formulae 
and are usually referred to by their 
common names, rather than systematic 
names: 

glycine CH(NH;)COOH 

alanine CH/CH(NH;)COOH 
phenylalanine ‘ 
CcHsCH,CH(NH2)COOH 

tyrosine CCHLOHCH;CH(NH;)COOH 
valine (CH;);CHCH(NH2)COOH 
leucine (CH;);CHCH;CH(NH2)COOH 
isoleucine tery 
(CH;))CH;CH(CH;)CH(NH;)COOH 
serine CH'OOHCH(NH;)COOH 
threonine CH;CHOHCH(NH;)COOH 
cysteine SHCH;CH(NH;)COOH 
cystine [HOOCCH(NH;)CH;S 


ammonia 
methionine 
CH;S(CH;;CH(NH;)COOH 


asparagine 
NH;COCH;CH(NH;)COOH 
glutamine 
NH;CH(CH;5(CONH;)COOH 
lysine NH(CH;CH(NH;)COOH 


arginine 
NH;C(NH) NH(CH;); CH(NH;) 
COOH 


aspartic acid 
COOHCH;CH(NH:)COOH 

glutamic acid COOH(CH:;CH(NH;) 
COOH 

histidine C4HjN;CH;CH(NH;)COOH 
tryptophan C;SHINHC;HCH;CH(NH;) 
COOH 

proline NH(CH;))CHCOOH 

Note that proline is in fact a cyclic 
imino acid, with the nitrogen atom 
bonded to the alpha carbon. 
See also optical activity, Phillips 
synthesis. 


aminobenzene See aniline. 
aminoethane +See ethylamine. 
amino group The group -NH;. 


ammine tA complex in which ammonia 
molecules are coordinated to a metal 
ion; e.g. [Cu(NH3]?* 


ammonia (NH;) A colourless gas with a 
characteristic pungent odour. On cooling 
and compression it forms a colourless 
liquid, which becomes a white solid on 
further cooling. Ammonia is very soluble 
in water (a saturated solution at 0°C 
contains 36.9% of ammonia): the 
aqueous solution is alkaline and contains 
a proportion of free ammonia. Ammonia 
is also soluble in ethanol. It occurs 
naturally to a small extent in the 
atmosphere, and is usually produced in 
the laboratory by heating an ammonium 
salt with slaked lime. Ammonia is 
synthesized industrially from atmos- 
Pheric nitrogen and hydrogen by the 
Haber process. 

The compound does not burn readily in 
air but ignites, giving a yellowish brown 
flame, in oxygen. It will react, with 
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ammoniacal 


atmospheric oxygen in the presence of 
platinum or a heavy metal catalyst — a 
reaction used as the basis of the commer- 
cial manufacture of nitric acid, which 
involves the oxidation of ammonia to 
nitrogen monoxide and then to nitrogen 
dioxide. Ammonia reacts with acids to 
form ammonium salts; for example, it 
reacts with hydrogen chloride to form 
ammonium chloride: 

NH;(g) + HCl(g) > NH.Cl(g) 
Ammonia is also used commercially in 
the manufacture of fertilizers, mainly 
ammonium nitrate, urea, and ammon- 
ium sulphate. It is used to a smaller 
extent in the refrigeration industry. 
Liquid ammonia is an excellent solvent 
for certain substances, which ionize in 
the solutions to give ionic reactions 
similar to those occurring in aqueous 
solutions. Ammonia is marketed as the 
liquid, compressed in cylinders (‘anhy- 
drous ammonia’), or as aqueous 
solutions of various strengths. The 
saturated solution is known commer- 
cially as '880 ammonia’. 


ammoniacal Describing a solution in 
aqueous ammonia. 


ammonium carbonate ((NH,):CO;) A 
white solid that crystallizes as plates or 
prisms. It is very soluble in water and 
readily decomposes on heating to 
ammonia, carbon dioxide, and water. 
The white solid sold commercially as 
ammonium carbonate is actually a 
double salt of ammonium hydrogen- 
carbonate (NH4HCO;) and ammonium 
aminomethanoate (NH;CO;NH,). This 
salt is manufactured from ammonium 
chloride and calcium carbonate. It 
decomposes on exposure to air into 
ammonium hydrogencarbonate and 
ammonia, and it reacts with ammonia to 
give the true ammonium carbonate. 
Commercial ammonium carbonate is 
used in baking powders, smelling salts, 
and in the dyeing and wool-scouring 
industries. 


ammonium chloride (sal ammoniac, 
NH4CI) A white crystalline solid with a 
characteristic saline taste. It is very 
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soluble in water (37 g per 100 g of water 
at 20°C). Ammonium chloride can be 
manufactured by the action of ammonia 
on hydrochloric acid. It sublimes on 
heating because of the equilibrium: 

NH,CI(s) = NH;(g) + HCl(g) 
Ammonium chloride is used in galvan- 
izing, as a flux for soldering, in dyeing 
and calico printing, and in the manufac- 
ture of Leclanché and 'dry' cells. 


ammonium ion The ion NH,*, formed 
by coordination of NH; to H *. See also 
quaternary ammonium compound. 


ammonium nitrate (NH4NO;) A col- 
ourless crystalline solid that is very 
soluble in water (871 g per 100 g of 
water at 100°C). It is usually manufac- 
tured by the action of ammonia on 
nitric acid. It is used in the manufacture 
of explosives and, because of its high 
nitrogen content, as a fertilizer. 


ammonium sulphate ((NH,):SO,) A 
colourless crystalline solid that is soluble 
in water. When heated carefully it gives 
ammonium hydrogensulphate, which on 
stronger heating yields nitrogen, ammo- 
nia, sulphur dioxide, and water. Ammo- 
nium sulphate is manufactured by the 
action of ammonia on sulphuric acid. It 
is the most important ammonium salt 
because of its widespread use as a 
fertilizer. Its only drawback as a fertilizer 
is that it tends to leave an acidic residue 
in the soil. 


amorphous Describing a solid substance 
that has no ‘long-range’ regular arran- 
gement of atoms; i.e. is not crystalline. 
Amorphous materials can cortsist of 
minute particles that possess order over 
a very short distance. Glasses are also 
amorphous; the atoms in the solid have 
a random arrangement. X-ray analysis 
has shown that many substances that 
were once described as amorphous are 
composed of very small crystals. For 
example, charcoal, coke, and soot (all 
forms of carbon) are made up of small 
graphite-like crystals. 


amount. of substance Symbol: n A 


measure of the number of entities present 
in a substance. See mole. 


ampere Symbol: A The SI base unit of 
electric current, defined as the constant 
current that, maintained in two straight 
parallel infinite conductors of negligible 
circular cross section placed one metre 
apart in vacuum, would produce a force 
between the conductors of 2 x 107 
newton per metre. 


ampholyte ion {See zwitterion. 


amphoteric A material that can display 
both acidic and basic properties. The 
term is most commonly applied to the 
oxides and hydroxides of metals that 
can form both cations and complex 
anions, For example, zinc oxide 
dissolves in acids to,form zinc salts and 
also dissolves in alkalis to form zincates, 
{Zn(OH)4]*. 


amu Sce atomic mass unit. 


amylopectin +The water-soluble fraction 
of starch. See starch. 


amylose The water-soluble fraction of 
starch. See starch. 


anabolism {All the metabolic reactions 
that synthesize complex molecules from 
more simple molecules. See also 
metabolism. 


analysis The process of determining the 
constituents or components of a sample. 
There are two broad major classes of 
analysis, qualitative analysis — essen- 
tially answering the question ‘what is 
it?’ and quantitative analysis — answer- 
ing the question “how much of such and 
such a component is present?’ There is a 
vast number of analytical methods, 
which can be applied depending on the 
nature of the sample and the purpose of 
the analysis. These include gravimetric, 
volumetric, and systematic qualitative 
analysis (classical wet methods); and 
instrumental methods, such as spectros- 
copic, nuclear, fluorescence, and polaro- 
graphic techniques, 


anionic resin 


Andrews’ experiment {An investigation 
(1861) into the relationship between 
pressure and volume for a mass of 
carbon dioxide at constant temperature. 
The resulting isothermals showed clearly 
the existence of a critical point and led 
to greater understanding of the lique- 
faction of gases. 


angstrom Symbol: A A unit of length 
defined as 107!? metre. The Angstrom is 
sometimes still used for expressing 
wavelengths of light or ultraviolet 
radiation or for the sizes of molecules, 
although the nanometre is preferred. 


anhydride A compound formed by 
removing water from another com- 
pound. Many non-metal oxides are 
anhydrides of acids: for example CO; is 
the anhydride of HyCO;; SO; is the 
anhydride of H,SO,. fOrganic anhy- 
drides are formed by removing H;O 
from two carboxylic-acid groups, giving 
compounds with the functional group 
-CO.O.CO-. These form a class of 
organic compounds called acid anhy- 
drides (or acyl anhydrides). See acid 
anhydride. 


anhydrite See calcium sulphate. 


aniline (aminobenzene, CeHsNH;) A 
colourless oily substance made by 
reducing nitrobenzene (C,HsNO;). Ani- 
line is used for making dyes and other 
organic compounds. 


anion A negatively charged ion, formed 
by addition of electrons to atoms or 
molecules. In electrolysis anions are 
attracted to the positive electrode (the 
anode). Compare cation. 


anionic detergent 1See detergent. 


anionic resin An ion-exchange material 
that can exchange anions, such as Cl- 
and OH-, for anions in the surrounding 
medium. Such resins are used for a wide 
range of analytical and purification 


purposes. È 
+They are often produced by adding a 
quaternary ammonium group 
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annealing 


(-N(CH;j*Cl-) or a phenolic group 
(-OH-) to a stable polyphenylethene 
resin. A typical exchange reaction is: 
resin-N(CH;);*Cl- + KOH = 
tesin-N(CH;), *OH- + KCl 
Anionic resins can be used to separate 
mixtures of halide ions. Such mixtures 
can be attached to the resin and 
Tecovered separately by elution. 
See also ion exchange. 


annealing A type of heat treatment 
applied to metals to change their physi- 
cal properties. The metal is heated- to, 
and heid at, an appropriate temperature, 
before being cooled at a suitable rate to 
Produce the desired grain structure. 
Annealing is most commonly used to 
Temove the stresses that have arisen 
during rolling, to increase the softness of 
the metal, and to make it easier to 
‘machine. 


anode In electrolysis, the electrode that 
is at a positive potential with respect to 
the cathode. In any electrical system, 
such as a discharge tube or electronic 
device, the anode is the terminal at 
which electrons flow out of the System. 


anode sludge See electrolytic refining. 


anodizing tAn industrial Process for 
protecting aluminium with an oxide 
layer formed in an electrolytic cell 
containing an oxidizing acid (e.g. 
sulphuric(VI) acid). The layer of ALO; 
is porous and can be coloured with 
certain dyes. 


anthracene (CuHw) A white crystalline 
Solid used extensively in the manufacture 
of dyes. Anthracene is found in the 
heavy- and'green-oil fractions of crude 
oil and is obtained by fractional crystal- 
lization. tits structure is benzene-like, 
having three six-membered rings fused 
together. The reactions are characteristic 
of aromatic compounds. See also 
aromatic compound. 


antibonding orbital See orbital. 
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antimonic Designating an antimony(IV) 
compound. 


antimonous Designating an antimo- 
ny(IiI) compound. 


antimony A toxic element existing in 
two allotropic forms; the most stable is 
a brittle silvery metal, Arsenic belongs 
to group V of the periodic table. It is 
found in many minerals, principally 
stibnite (Sb;S;). It is used in alloys and 
semiconductor devices. 
Symbol: Sb; m.p. 630.7°C; b.p. 1640°C; 
r.d. 6.69; p.n. 51; r.a.m. 121.7. 


antimony(III) chloride (antimony 
trichloride, SbCl) tA white deli- 
quescent solid, formerly known as butter 
of antimony. It is prepared by direct 
combination of antimony and chlorine, 
It is readily hydrolysed by cold water to 
form a white precipitate of anti- 
mony(III) chloride oxide (antimonyl 
chloride, SbOCI): 

SbCl; +, H;O = SbOCI + 2HCI 


antimony(III) chloride oxide +See 
antimony(III) chloride. 


antimonyl chloride +See antimony(III) 
chloride. 


antimony(IH) oxide (antimony tri- 
oxide, Sb:O;) +A white insoluble solid. 
It is an amphoteric oxide with a strong 
tendency to act as a base. It can be 
prepared by direct oxidation by air, 
oxygen, or steam and is formed when 
antimony(TIt) chloride is hydrolysed by 
excess boiling water. 


antimony(V) oxide (antimony pen- 
toxide, Sb;O:) +A yellow solid. It is 
usually formed by the action of concen- 
trated nitric acid on antimony or by the 
hydrolysis of antimony(V) chloride. 
Although an acidic oxide, it is only 
slightly soluble in water. 


antimony pentoxide +See antimony(V) 


oxide, 


antimony trichloride {See antimo- 
ny(III) chloride. 


antimony trioxide {See antimony(III) 
oxide. 


apatite +A naturally occurring phosphate 
of calcium, CaF2.Ca;(POx)s. 


aqua regia A mixture of concentrated 
nitric acid and three to four parts of 
hydrochloric acid. It dissolves all metals 
including gold, hence the name. {The 
mixture contains chlorine and NOCI. 


aqueous Describing a solution in water. 


arene An organic compound containing 
a benzene ring; i.e. an aromatic hydro- 
carbon or derivative. 


argentic oxide See silver(II) oxide. 
argentous oxide See silver(I) oxide. 
arginine +See amino acids. 


argon An inert colourless odourless 
monatomic element of the rare-gas 
group. It forms 0.93% by volume of air. 
Argon is used to provide an inert 
atmosphere in electric and fluorescent 
lights and in welding. 3 
Symbol: Ar; m.p. -1892?C; b.p. 
-185.7*C; d. 1.78 kg m^ p.n. 18; r.a.m. 
39.95. 


aromatic compound An organic com- 
pound containing benzene rings in its 
Structure. tAromatic compounds, such 
as benzene, have a planar ring of atoms 
linked by alternate single and double 
bonds. The characteristic of aromatic 
compounds is that their chemical 
Properties are not those expected for an 
unsaturated compound; they tend to 
undergo nucleophilic substitution of 
hydrogen (or other groups) on the ring, 
and addition reactions only occur under 
special circumstances. 
The explanation of this behaviour is 
that the electrons in the double bonds 
are delocalized over the ring, so that the 
six bonds are actually all identical and 


Arrhenius equation 


intermediate between single bonds and 
double bonds. The s electrons are thus 
spread in a molecular orbital above and 
below the ring. The evidence for this 
delocalization in benzene is that: 

(1) The bond lengths between carbon 
atoms in benzene are all equal and 
intermediate between single and double 
bond lengths. 

(2) If two hydrogen atoms attached to 
adjacent carbon atoms are substituted 
by other gróups, the compound has only 
one structure. If the bonds were different 
two isomers would exist. 

(3) Benzene has a stabilization energy of 
150 kJ mol-! over the Kekulé structure. 
The delocalization of the electrons in 
the v orbitals of benzene accounts for 
the properties of benzene and its 
derivatives, which differ from the 
properties of alkenes and other aliphatic 
compounds. The phenomenon is called 
aromaticity. A definition of aromaticity 
is that it occurs in compounds that obey 
the Hückel rule: i.e. that there should be 
a planar ring with a total of (4n + 2) v 
electrons. Using this rule as a criterion 
certain non-benzene rings show aromati- 
city. Such compounds are called non- 
benzenoid aromatics. Other compounds 
that have a ring of atoms with alternate 
double and single bonds, but do not 
obey the rule (e.g. cyclooctotetraene, 
which has a non-planar ring of alter- 
nating double and single bonds, are 
called pseudoaromatics. Compare ali- 
phatic compound. See also resonance. 


aromaticity +See aromatic compound. 


Arrhenius equation An equation rela- 
ting the rate constant of a chemical 
reaction and the temperature at which 
the reaction is taking place: 

k = Aexp(-E/RT) 

where A is a constant, k the rate 
constant, T the thermodynamic tempera- 
ture in kelvins, R the gas constant, and 
E the activation energy of the reaction, 

Reactions proceed at different rates at 
different temperatures, i.e. the magni- 
tude of the rate constant is temperature 
dependent. {The Arrhenius equation is 
often written in a logarithmic form, ie. 


arsenic 


log.k = log.A - E/2.3RT 
This equation enables the activation 
energy for a reaction to be determined. 


arsenic A toxic metalloid element exis- 
ting in several allotropic forms; the 
most stable is a brittle grey metal. It 
belongs to group V of the periodic table. 
Arsenic is found native and in several 
ores including mispickel (FeSAs), real- 
gar (AsS), and orpiment (As;S;). It is 
used in semiconductor devices, alloys, 
and gun shot. Various compounds are 
used in medicines and agricultural 
insecticides and poisons. 
Symbol: As; m.p. 817°C (grey) at 3 
MPa pressure; sublimes at 613°C (grey); 
r.d. 5.73 (grey); p.n. 33; r.a.m. 74.92. 


arsenic(III) chloride (arsenious chlor- 
ide, AsCl;) TA poisonous oily liquid. It 
fumes in moist air due to hydrolysis 
with water vapour: 
AsCl; + 3H;O = As;0; + 6HCI 
Arsenic(III) chloride is covalent and 
exhibits nonmetallic properties. 


arsenic hydride {See arsine. 


arsenic(III) oxide (arsenious oxide, 
As,0;) TA colourless crystalline solid 
that is very poisonous (0.1 g would be a 
lethal dose). Analysis of the solid and 
vapour states suggests a dimerized 
structure of As,O,. An amphoteric oxide, 
arsenic(III) oxide is sparingly soluble in 
water, producing an acidic solution. It is 
formed when arsenic is burned in air or 
oxygen. 


arsenic(V) oxide (arsenic oxide, As,Os) 
tA white amorphous deliquescent solid. 


It is an acidic oxide prepared by 


dissolving arsenic(III) oxide in hot 
concentrated nitric acid, followed by 
crystallization then heating to 210°C. 


arsenious chloride See arsenic tri- 
chloride. 


arsenious oxide {See arsenic(III) oxide. 


arsine (arsenic hydride, AsH;) fA 
poisonous colourless gas with an 


unpleasant smell. It decomposes to 
arsenic and hydrogen at 230°C. It is 
produced in the analysis for arsenic 
(Marsh's test). 


artificial radioactivity Radioactivity 

induced by bombarding stable nuclei 
with high-energy particles. For exam- 
ple: 

HAI + in > ifNa + iHe 
represents the bombardment of alumin- 
ium with neutrons to produce an isotope 
of sodium. All the transuranic elements 
(atomic numbers 93 and above) are 
artificially radioactive since they do not 
occur in nature. 


` aryl group An organic group derived by 
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removing a hydrogen atom from an 
aromatic hydrocarbon or derivative. 


asparagine +See amino acids, 
aspartic acid +See amino acids. 


astatine A radioactive element belonging 
to the halogen group. It occurs in minute 
quantities in uranium ores. 20 short- 
lived radioisotopes are known, all alpha- 
particle emitters. 
Symbol: At; m.p. 302°C; bp. 337°C; 
p.n. 85; stablest isotope ?'?At (half-life 
8.3 hours). 


asymmetric atom See isomerism, opti- 
cal activity. 


atmolysis +The separation of gases by 
using their different rates of diffusion. 


atmosphere A unit of pressure defined 
as 101325 pascals (atmospheric pres- 
sure). The atmosphere is used in chemis- 
try only for rough values of pressure; in 
particular, for stating the pressures of 
high-pressure industrial processes. 


atom The smallest part of an element 
that can take part in a chemical reaction. 
Atoms consist of a small dense positively 
charged nucleus, made up of neutrons 
and protons, with electrons in a cloud 
around this nucleus. The chemical 
reactions of an element are determined 


by the number of electrons (which is 
normally equal to the number of protons 
in the nucleus). All atoms of a given 
element have the same number of 
protons (the proton number). A given 
element may-have two or more isotopes, 
which differ in the number of neutrons 
in the nucleus. 
+The electrons surrounding the nucleus 
are grouped into shells — i.e. main 
orbits around the nucleus. Within these 
main orbits there may be sub-shells. 
These correspond to atomic orbitals. An 
electron in an atom is specified by four 
quantum numbers: : 
(1) The principal quantum number (n), 
which specifies the main energy levels. n 
can have values 1, 2, etc. The correspon- 
ding shells are denoted by létters K, L, 
M, etc., the K shell (n = 1) being the 
nearest to the nucleus. The maximum 
number of electrons in a given shell is 
nè, 
(2) The orbital quantum number (1), 
which specifies the angular momentum. 
For a given value of n, 1 can have 
possible values of n-1, n-2, ... 2, 1, 0. 
For instance, the M shell (n = 3) has 
three sub-shells with different values of 
1 (0, 1, and 2). Sub-shells with angular 
momentum 0, 1, 2, and 3 are designated 
by letters s, p, d, and f. 
(3) The magnetic quantum number (m) 
This'can have values -1, «(1 - 1) ... 0 
s. + (1+ 1), + I It determines the 
orientation of the electron orbital in a 
magnetic field. 
(4) The spin quantum number (m), 
which specifies the intrinsic angular 
momentum of the electron. It can have 
values + 1/2 and -1/2. A 
Each electron in the atom has four 
quantum numbers and, according to the 
Pauli exclusion principle; no two elec- 
trons can have the same set of quantum 
numbers. This explains the electronic 
structure of atoms. See also Bohr theory. 


atomic heat +See Dulong and Petit's 
law. 


atomicity The number of atoms per. 
molecule of a compound. Methane, for 
instance has an atomicity of five (CH4). 


Avogadro’s law 


atomic mass unit (amu) Symbol: u A 
unit of mass used for atoms and mole- 
cules, equal to 1/12 of the mass of an 
atom of carbon-12. It is equal to 1.660 33 
x 107? kg. 


atomic number See proton number. 
atomic orbital +See orbital. 
atomic weight See relative atomic mass. 


atto- Symbol: a A prefix denoting 107'*. 
‘For example, 1 attometre (am) = 107^ 
metre (m). 


Aufbau principle tA principle that 
governs the order in which the atomic 
orbitals are filled in elements of succes- 
sive proton number; i.e. a statement of 
the order of increasing energy. The 
order is as follows: 

152, 2s, 2pf, 3s?, 3p*, 4s?, 3d'^, 4p*, 5s?, 
4d!°, Sp*, 6s, 4f'4, Sd'°, 6p*, 7s?, 5i", 
6d'^ 

(the superscript indicates the maximum 
number of electrons for each level). 
Note 

(1) Hund's rule of maximum multipli- 
city applies; i.e. degenerate orbitals are 
occupied singly before spin pairing 
occurs. 

(2) the unexpected position of the d- 
levels, which give rise to the first, second, 
and third transition series. 

(3) the unusual position of the f-levels, 
giving rise to the lanthanoids and 
actinoids. 


auric chloride See gold( III) chloride. 


aurous Designating a compound of 
gold(1). 


autocatalysis +See catalyst. 


Avogadro constant Symbol: N, The 
number of particles in one mole of a 
substance. Its value is 6.02252 x 10% 
mol. 


Avogadro's law The principle that equal 
volumes of all gases at the same 
temperature and pressure contain equal 
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azeotrope 


numbers of molecules. It is often called 
Avogadro's hypothesis. It is strictly true 
only for ideal gases. 


azeotrope (azeotropic mixture) A 
mixture of liquids for which the vapour 
phase has the same composition as the 
liquid phase. It therefore boils without 
change in composition and consequently 
without progressive change in boiling 
point. 
+The composition and boiling points of 
azeotropes vary with pressure, indicating 
that they are not chemical compounds. 
Azeotropes may be broken by distil- 
lation in the presence of a third liquid, 
by chemical reactions, adsorption, or 
fractional crystallization. 

See constant boiling mixture. 


azeotropic distillation A method used 
to separate mixtures of liquids that 
cannot be separated by simple distil- 
lation. Such a mixture is called an azeo- 
trope. A solvent is added to form a new 
azeotrope with one of the components, 
and this is then removed and sub- 
sequently separated in a second column. 
An example of the use of azeotropic 
distillation is the dehydration of 96% 
ethanol to absolute ethanol using 
benzene. Azeotropic distillation is not 
widely used because of the difficulty of 
finding inexpensive non-toxic non- 
corrosive solvents that can be easily 
removed from the new azeotrope. 


azide 1. fAn inorganic compound 
containing the ion Nj. 
2, tAn organic compound of general 
formula RN;. 


azine fAn organic heterocyclic com- 
pound that has a hexagonal ring contain- 
ing carbon and nitrogen atoms. Pyridine 
is the simplest example. 


azo compound +A type of organic 
compound of the general formula 
RN:NR’, where R and R’ are aromatic 
groups. Azo compounds can be formed 
by coupling a diazonium compound 
with an aromatic phenol or amine. Most 
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are coloured because of the -N:N- (azo 
group). 


azo dye {A type of dye used in acid dyes 
for wool and cotton. The dyes are azo 
compounds; usually sodium salts of 
sulphonic acids. 


azoimide +See hydrazoic acid. 


back e.m.f. tAn e.m.f. that opposes the 
normal flow of electric charge in a 
circuit or circuit element. In some 
electrolytic cells a back e.m.f. is caused 
by the layer of hydrogen bubbles that 
builds up on the cathode as hydrogen 
ions pick up electrons and form gas 
molecules (i.e. as a result of polarization 
of the electrode). 


baking soda See sodium hydrogencar- 
bonate. 


bali mill A device commonly used in the 
chemical industry for reducing the size 
of solid material. Ball mills have slowly 
rotating steel or stone-lined drums, 
which contain steel balls, flint, or 
pebbles. The material is crushed by the 
tumbling action of the contents of the 
drum. Compare hammer mill, 


Balmer series +A series of lines in the 
spectrum of radiation emitted by excited 
hydrogen atoms. The lines correspond 
to the atomic electrons falling into the 
second lowest energy level, emitting 
energy as radiation. The wavelengths 
(A) of the radiation in the Balmer series 
are given by: 

1/A = R(1/22 - 1m) 
where n is an integer and R is the 
Rydberg constant. See Bohr theory. See 
also spectral series. 


banana bond (bent bond) țin strained 


NL—CN 


barium bicatbonate 


OH 


Azo compound 


ring compounds the angles assumed on 
the basis of hybridization are often not 
equal to the angles obtained by joining 
the atomic centres. In these cases it is 
Sometimes assumed that the bonding 
Orbital is bent or banana-like in shape. 
Cyclopropane is an example, in which 
geometric considerations imply a bond 
angle of 60° while sp! hybridization 
implies an inter-orbital angle of around 
100°, giving a banana bond. 


band spectrum A spectrum that appears 
as a number of bands of emitted or 
absorbed radiation. Band spectra are 
cliaracteristic of molecules. Often each 
band can be resolved into a number of 
closely spaced lines. +The bands corres- 
pond to changes of electron orbit in the 
molecules. The close lines seen under 
higher resolution are the result of 
different vibrational states of the mole- 
cule. 
See also spectrum. 


bar A unit of pressure defined as 10* 

pascals. The millibar (mb) is more 
Common; it is used for measuring 
atmospheric pressure in meteorology. 


Barft process tA process formerly used 
for protecting iron by heating it in 
Steam, to form a layer of tri-iron 
tetroxide (Fe;O,), 


barium A dense, low-melting reactive 
metal; the fifth member of group II of 
the periodic table and a typical alkaline- 
earth element. The electronic configura- 
tion is that of xenon with two additional 
Outer 6s electrons. Barium is of low 
abundance; it is found as witherite 
(BaCO;) and barytes (BaSO,). The 
metal is obtained by the electrolysis of 


2 


the fused chloride using a cooled cathode 
which is slowly withdrawn from the 
melt. Because of its low melting point 
barium is readily purified by vacuum 
distillation. Barium metal is used as a 
‘getter’, ie, a compound added to a 
system to seek out the last traces of 
oxygen; and as an alloy constituent for 
certain bearing metals. 
Barium has a low ionization potential 
and a large radius. It is therefore strongly | 
electropositive and its properties, and 
those of its compounds, are very similar 
to those of the other alkaline-earth 
elements calcium and strontium. #Not- 
able differences in the chemistry of 
barium from the rest of the group are: 
(1) The much higher stability of the 
carbonate. d 
(2) The formation of the peroxide below 
800°C. Barium peroxide decomposes on 
Strong heating to give oxygen ‘and 
barium oxide; 

BaO: = BaO + O 
This equilibrium was the basis of the 
totally obsolete Brin process for the 
commercial production of oxygen. 
Barium is also notable for the very low 
solubility of the sulphate, which permits 
its application to gravimetric analysis 
for either barium or sulphate, Barium 
compounds give a characteristic green 
colour to flames which is used in 
qualitative analysis. Barium salts are all 
highly toxic with the exception of the 
most insoluble materials. Metallic 
barium has the body-centred cubic 
Structure. 
Symbol: Ba; m.p. 714"C; b.p. 1537°C; 
r.d. 3.51; p.n. 56; r.a.m. 137.34. 


barium bicarbonate See barium hydro- 
gencarbonate. 
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barium carbonate 


barium carbonate (BaCO;) A white 
insoluble salt that occurs naturally as 
the mineral witherite. Barium carbonate 
can be readily precipitated by adding an 
alkali carbonate to a barium sal 
solution. On heating it decomposes 
reversibly with the formation of the 
oxide and carbon dioxide: 

BaCO; = BaO + CO: 

It is used as a rat poison. 


barium chloride (BaCl;) A white solid 
that can be prepared by dissolving 
barium carbonate in hydrochloric acid 
and crystallizing out the dihydrate 
(BaCl;2H;O). Barium chloride is used 
as the electrolyte in the extraction of 
barium, as a rat poison, and in the 
leather industry. 


barium hydrogencarbonate (bazium 
bicarbonate, Ba(HCO;):) A compound 
that occurs only in aqueous solution. It 
is formed by the action of cold water 
containing carbon dioxide on barium 
carbonate, to which it reverts on heating: 
BaCO, + CO; + H;O = Ba(HCO); 


barium hydroxide (baryta, Ba(OH)2) A 
white solid usually obtained as the 
octahydrate, Ba(OH);.8H;O. Barium 
hydroxide is the most soluble of the 
group IIA hydroxides and can be used 
in volumetric analysis for the estimation 
of weak acids using phenolphthalein as 
an indicator. 


barium oxide (BaO) A white powder 
prepared by heating barium in oxygen 
or by thermal decomposition of barium 
carbonate. It has been used in the 
manufacture of lubricating-oil additives. 


barium peroxide (BaO;) A dense off- 

white powder that can be prepared by 
carefully heating barium oxide in 
oxygen. Barium peroxide is used for 
bleaching straw and silk and in the 
laboratory preparation of hydrogen 
peroxide: s 


barium sulphate (BaSO,) A white solid 
that occurs naturally as the mineral 
barytes. Barium sulphate is very 
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insoluble in water and can be prepared 
easily as a precipitate by adding 
sulphuric acid to barium chloride. 
Barium ‘sulphate is an important indus- 
trial chemical. Under the name of ‘blanc 
fixe’ it is used as a pigment extender in 
surface coating compositions. It is also 
used in the glass and rubber industries. 


barn Symbol: b +A unit of area defined 
as 10- square metre. The barn is 
sometimes used to express the effective 
cross-sections of atoms or nuclei in the 
scattering or absorption of particles. 


baryta See barium hydroxide. 


barytes (heavy spar) A mineral form of 
barium sulphate (BaSO). 


base A compound that releases hydroxyl 
ions, OH", in aqueous solution. Basic 
solutions have a pH greater than 7. tIn 
the Lowry-Brénsted treatment a base is 
a substance that tends to accept a proton. 
Thus OH: is basic as it accepts H* to 
form water, but H;O is also a base 
(although somewhat weaker) because it 
can accept a further proton to form 
H,O*. In this treatment the ions of 
classical mineral acids such as S0,- 
and NO, are weak conjugate bases of 
their respective acids. Electron-pair 
donors, such as trimethylamine and 
pyridine, are examples of organic bases. 


base-catalysed reaction +A reaction 
catalysed by bases. Typical base-cataly- 
sed reactions are the Claisen conden- 
sation and the aldo! reaction, in which 
the first step is abstraction of a proton 
to give a carbanion. 


base metal A metal such as iron, lead, or 
copper, distinguished from a precious 
metal such as gold or silver. 


base unit A unit that is defined in terms 
of reproducible, physical phenomena or 
prototypes, rather than of other units. 
The metre, for example, is a base unit in 
the SI, being defined in terms of the 
wavelength of a particular light emis- 
sion. See also SI units. 


basic Having a tendency to release OH- 
ions. Thus any solution in which the 
concentration of OH- ions is greater 
than that in pure water at the same 
temperature is described as basic; i.e. 
the pH is greater than 7. 


basic aluminium ethanoate See alumin- 
ium acetate. 


basic salt A compound intermediate 
between a normal salt and a hydroxide 
or oxide. The term is often restricted to 
hydroxyhalides (such as Pb(OH)CI, 
Mg(OH)Cl;4H;O, and Zn(OH)F) 
and hydroxy-oxy salts (for example, 
2PbCO,.Pb(OH), ^ Cu(OH).CuCl, 
Cu(OH);.CuCO,). t The hydroxyhalides 
are essentially closely packed assemblies 
of OH- with metal or halide ions in the 
octahedral holes. The hydroxy-oxy salts 
have more complex structures than those 
implied by the formulae. 


basic slag See slag. 


batch process A manufacturing process 
in which the reactants are fed into the 
process in fixed quantities (batches), 
rather than in a continuous flow. At any 
particular instant all the material, from 
its preparation to the final product, has 
reached a definite stage in the process. 
Baking a cake is an example of a batch 
process. Such processes present prob- 
lems of automation and instrumentation 
and tend to be wasteful of energy. For 
this reason, batch processing is only 
economically operated on an industrial 
scale when small quantities of valuable 
or strategic materials are required, e.g. 
drugs, titanium metal. Compare continu- 
ous process. 


battery A number of similar units, such 
as electric cells, working together. Many 
dry ‘batteries’ used in radios, flashlights, 
etc., are in fact single cells. If a number 
of identical cells are connected in series, 
the total e.m.f. of the battery is the sum 
of the e.m.f.s of the individual cells. If 
the cells are in parallel, the e.m.f. of the 
battery is the same as that of one cell, 
but the current drawn from each is less 


benzenecarbaldehyde 


(the total current is split amongst the 
cells). 


bauxite A mineral hydrated form of 
aluminium hydroxide; the principal ore 
of aluminium. 


b.c.c. See body-centredgcubic crystal. 


Beckmann thermometer A type of 
thermometer designed to measure 
differences in temperature rather than 
scale degrees. Beckmann thermometers 
have a larger bulb than common ther- 
mometers and a stem with a small 
internal diameter, so that a range of 5°C 
covers about 30 centimetres in the stem. 
The mercury bulb is connected to the 
stem in such a way that the bulk of the 
mercury can be separated from the stem 
once a particular 5° range has been 
attained. The thermometer can thus be 
set for any particular range. 


bent bond +See banana bond. 


benzaldehyde See benzenecarbalde- 
hyde. 


benzene (CH) A colourless liquid 
hydrocarbon with a characteristic odour. 
Benzene is a highly toxic compound and 
continued inhalation of the vapour is 
harmful. It was originally isolated from 
coal tar and for many years this was the 
principal source of the compound. 
Contemporary manufacture is from 
hexane; petroleum vapour is passed 
over platinum at 500°C and at 10 
atmospheres pressure: 

CoH — CoH + 4H; 

Benzene is the simplest aromatic hydro- 
carbon. It shows characteristic substi- 
tution reactions despite the high degree 
of unsaturation implied in its formula. 
The benzene ring is usually represented 
in structural formulae by a hexagon 
with a circle inside it. See also aromatic 
compound. 


benzenecarbaldehyde (benzaldehyde, 
C.H;CHO) TA yellow organic oil with 
a distinct almond-like odour. Ben- 
zenecarbaldehyde undergoes the reac- 
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benzenecarbony! chloride 


See. 


Kekule structures 


BE 


Dewar structures 


representation 


tions characteristic of aldehydes and 
may be synthesized in the laboratory by 
the usual methods of aldehyde synthesis. 
It is used as a food flavouring and in the 
manufacture of dyes and antibiotics, and 
can be readily manufactured by the 
chlorination of methylbenzene and the 
subsequent hydrolysis of  (dichloro- 
methyl) benzene: 

C,H;CH; + Cl, = C;H;CHCI; 
CsHsCHCh + 2H;0 > C;H;CH(OH); 
+ 2HCI 

CsHsCH(OH); — C;H;CHO + H;O 


benzenecarbonyl chloride (benzoyl 


Benzene structures 
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chloride, C;H;COCI) +A liquid acyl 
chloride used as a benzoylating agent. 


benzenecarbonyl group 
group) {The group C;H;.CO-. 


(benzoyl 


benzenecarboxylic acid (benzoic acid, 
CHCOOH) {A white crystalline 
carboxylic acid. It is used as a food 
Preservative. The carboxyl group 
(-COOH) directs’ further substitution 
onto:the benzene ring in the 3 position. 


benzenesulphonic acid (C.H;SO,0H) 
TA white crystalline acid made by 


sulphonation of benzene. Any further 
substitution onto the benzene ring is 
directed into the 3 position. 


benzoic acid {See benzenecarboxylic 
acid. 


benzoylation +See acylation. 


benzoyl chloride +See benzenecarbonyl 
chloride. 


benzoyl group See benzenecarbonyl 
group. 


benzyl alcohol +See phenylmethanol. 
benzyl group {The group CsH;CH2-. 


Bergius process +A process formerly 
used for making hydrocarbon fuels from 
coal. A powdered mixture of coal, heavy 
oil, and a catalyst was heated with 
hydrogen at high pressure. 


berkelium A radioactive transuranic 

“element of the actinoid series of metals, 
not found naturally on Earth. Seyeral 
radioisotopes have been synthesized. 
Symbol: Bk; p.n. 97; stablest isotope 
Bk (half-life 1400 years). 


beryl A mineral, 3BeO.A1,0;.6SiO;, used 
as a source of beryllium. There are 
several varieties including the gemstones 
emerald (coloured green by traces of 
chromium oxide) and aquamarine (a 
blue-green colour). 


beryllium A light metallic clement, 
similar to aluminium but somewhat 
harder; the first element in group II of 
the periodic table. It has the electronic 
configuration of helium with two addi- 
tional outer 2s electrons. 
+Beryllium occurs in a number of 
minerals such as beryllonite (NaBePO.), 
chrysobery| (Be(AlO;);) bertrandite 
(4BeO.2SiO;), and beryl (3BeO.AL;O;.6- 
SiO;) The element accounts for only 
0.0006% by mass of the Earth’s crust. 
The metal is obtained by conversion of 
the ore to the sulphate at high tempera- 
lure and pressure with concentrated 


beryllium 


sulphuric acid, then to the chloride, 
followed by electrolysis of the fused 
chloride. Alternatively, extraction by 
hydrogen fluoride followed by electroly- 
sis of the fused fluoride may be 
employed. The metal has a much lower 
general reactivity than lithium or other 
elements in group Il. It is used as an 
antioxidant and hardener in some alloys, 
such as copper and phosphor bronzes. 
Beryllium has the highest ionization 
potential of group II and the smallest 
size. Consequently it is less electro- 
positive and more polarizing than other 
members of the group. Thus, Be?* ions 
do not exist as such in either solids or 
solutions, and even with the most 
electronegative elements there is partial 
covalent character in the bonds. The 
metal reacts directly with oxygen, nitro- 
gen, sulphur, and the halogens at various. 
elevated temperatures, to form the oxide 
BeO, nitride Be;N;, sulphide BeS, and 
halides BeX;, all of which are covalent. 
Beryllium does not react directly with 
hydrogen but 2 polymeric hydride 
(BeH;), can be prepared by reduction of 
(CH;)Be using lithium  tetrahydri- 
doaluminate. 

Beryllium is amphoteric forming beryl- 
late species, such as [Be(OH),]- and 
[Be(OH)]*. The hydroxide is only 
weakly basic. The element does not 
form a true carbonate; the basic carbon- 
ate, BeCO,.Be(OH); is formed when 
sodium carbonate is added to solutions 
of beryllium compounds. 

Beryllium hydride, chloride, and dime- 
thylberyllium form polymeric bridged 
species but, whereas the bridging in the 
chloride is via an electron pair on 
chlorine atoms and can be regarded as 
an electron-pair donor bond, the 
bonding in the hydride and in the methyl 
compound involves two-electron three- 
centre bonds. Coordination compounds 
are quite common with bryllium, for 
example [BeCL]^, (R;O);BeCl, and 
[Be(NH;),]Ch. Beryllium also forms a 
number of alkyl compounds, some of 
which can be stabilized by coordination. 
Beryllium is extremely toxic. 

Symbol: Be; m.p. 1280°C; b.p, 1500°C; 
r.d. 1.85; p.n. 4; r.a.m. 9.01, 


beryllium bicarbonate 


beryllium bicarbonate +See beryllium 
hydrogencarbonate. 


beryllium carbonate (BeCO;) tAn 
unstable solid prepared by prolonged 
treatment of a suspension of berylliun: 
hydroxide with carbon dioxide. The 
resulting solution is evaporated and 
filtered in an atmosphere of carbon 
dioxide. 


beryllium chloride (BeCh) tA white 
solid obtained by passing chlorine over 
a heated mixture of beryllium oxide and 
carbon. It is a poor conductor in the 
fused state and in the solid form consists 
of a covalent polymeric structure. It is 
readily soluble in organic solyents but is 
hydrolysed in the presence of water to 
give the hydroxide. The anhydrous salt 
js used as a catalyst. 


beryllium’ hydrogencarbonate (beryl- 
lium bicarbonate, Be(HCO;)) TA 
compound formed in solution by the 
action of carbon dioxide on a suspen- 
sion of the carbonate, to which it reverts 
on heating: 
BeCO, + CO; + H:O = Be(HCO;); 


beryllium hydroxide (Be(OH)) tA 
solid that can be precipitated from 
beryllium-containing solutions by an 
alkali. In an excess of alkali, beryllium 
hydroxide dissolves to give a beryllate, 
Be(OH)i. In this way, beryllium and 
aluminium hydroxides are similar and 
the reaction is an indication that beryl- 
lium hydroxide is amphoteric. 


beryllium oxide (BeO) +A white solid 
formed by heating beryllium in oxygen 
or by the decomposition of beryllium 
hydroxide or carbonate. Beryllium oxide 
is insoluble in water but it shows basic 
properties by dissolving in acids to form 
beryllium salts: 

BeO + 2H* — Be?* + H:O 
However, beryllium oxide also resem- 
bles acidic oxides by reacting with alkalis 
to form beryllates: 

BeO + 20H: + H;O > Be(OH).*~ 
It is thus an amphoteric oxide. Beryllium 
oxide is used for the production of 


beryllium and beryllium-copper refrac- 
tories, for high-output transistors, and 
for printed circuits. The chemical 
properties of beryllium oxide are similar 
to those of aluminium oxide. 


beryllium sulphate (BeSO.) tAn inso- 
luble salt prepared by the reaction of 
beryllium oxide with concentrated 
sulphuric acid. On heating, it breaks 
down to give the oxide. When heated in 
the presence of water, it readily dissolves 
to give an acidic solution. 


Bessemer process A process for making 
steel from pig iron. A vertical cylindri- 
cal steel vessel (converter) is used lined 
with a refractory material, Air is blown 
through the molten iron and carbon is 
oxidized and thus removed from the 
iron. Other impurities—silicon, sulphur, 
and phosphorus—are also oxidized. 
Irons containing large amounts of phos- 
phorus are treated in a converter lined 
with a basic material, so that a phosphate 
«slag is formed. The required amount of 
carbon is then added to the iron’ to 
produce the desired type of steel. 


bi- Prefix used formerly in naming acid 
salts. For instance, sodium bisulphate 
(NaHSO,) is sodium hydrogensulphate, 
etc. 


bicarbonate See hydrogencarbonate. 


bimolecular Describing a reaction or 
step that involves two molecules. For 
example, the decomposition of hydro- 
gen iodide, 

2HI > H; + Ih 
takes place between two molecules and 
is therefore a bimolecular reaction. 
Other common examples are: 
H:0: + lh —^ OH: + HIO 
OH’ + H* > H,O 

All bimolecular reactions are second 
order, but some second-order reactions 
are not bimolecular. 


binary compound A chemical compound 
formed from two elements; e.g. Fe;O; or 
NaCl. 


biochemistry The study of chemical 
compounds and reactions occurring in 
living organisms. 


Birkeland-Eyde process tAn industrial 
process for fixing nitrogen (as nitrogen 
monoxide) by passing air through an 
electric arc: 

Nz + O: > 2NO 
See also nitrogen fixation. 


bismuth A brittle, pinkish metallic 
element belonging to group V of the 
periodic table. It occurs native and in 
the ores Bi:S, and Bi,O;. Bismuth is 
widely used in alloys, especially low- 
melting alloys. Compounds are used in 
cosmetics and medicines. 
Symbol: Bi; m.p. 271.3°C; b.p. 1560°C; 
r.d. 9,75; p.n. 83; r.a.m. 208.98. 


bismuth(III) carbonate dioxide (bis- 
muthyl carbonate, Bi;O;CO;) tA white 
solid prepared by mixing solutions of 
bismuth nitrate and ammonium carbon- 
ate. It contains the (BiO) * ion. 


bismuth(III) chloride (bismuth tri- 
chloride, BiCl;) fA white deliquescent 
solid. It can be prepared by direct 
combination of bismuth and chlorine, 
Bismuth(IIL) chloride dissolves in excess 
dilute hydrochloric acid to form a clear 
liquid, but if diluted it produces a white 
precipitate of bismuth(III) chloride 
oxide (bismuthyl chloride, BiOCI): 
BiCl, + H,O = BiOCI + 2HCI 
This reaction is often used as an exam- 
ple of a reversible reaction and as a 
confirmatory test for bismuth during 
quantitative analysis. Bismuth( V) chlor- 
ide does not form. 


bismuth(II1) chloride oxide See 
bismuth(II1) chloride. 


bismuth(III) nitrate oxide (bismuthyl 
nitrate, BIONO;) fA white insoluble 
solid, often referred to as bismuth 
subnitrate. It is precipitated when 
bismuth(III) nitrate is diluted and 
contains the (BiO)* ion. Bismuth(III) 
nitrate oxide is used in pharmaceutical 
Preparations. E: 


bleaching powder 


bismuth trichloride +See bismuth(III) 
chloride. 


bismuthyl compound +A compound 
containing the (BiO)* ion or BiO 
grouping. 


bismuthyl carbonate +See bismuth(III) 
carbonate dioxide. 


bismuthyl chloride +See bismuth(III) 
chloride. 


bismuthyl nitrate {See bismuth(III) 
nitrate oxide. 


bittern The liquid that is left after sodium 
chloride has been crystallized from sea 
water. 


bitumen A mixture of solid or semisolid 
hydrocarbons obtained from coal, oil, 
etc. 


bivalent (divalent) Having a valency of 
two. 


blackdamp See firedamp. 
blanc fixe See barium sulphate. 


blast furnace A furnace for producing 
iron-from iron(II) oxide. A mixture of 
the ore with coke and a flux is heated by 
pre-heated air blown into the bottom of 
the furnace. The flux is often calcium 
oxide (from limestone). Molten pig iron 
is run off from the bottom of the furnace. 


bleaching powder A white solid that 
can be regarded as a mixture of calcium 
chlorate(I) (calcium hypochlorite), 
calcium chloride, and calcium hydrox- 
ide. It is prepared on a large scale by 
passing a current of chlorine through a 
tilted cylinder down which is passed 
calcium hydroxide. Bleaching powder 
has been used for bleaching paper pulps 
and fabrics and for sterilizing water. tIts - 
bleaching power arises from the 
formation, in the presence of air contain- 
ing carbon dioxide, of the oxidizing 
agent chloric(1) acid (hypochlorous acid, 
HCIO): 
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blende 


Ca(ClO);.Ca(OH);.CaCl; + 2CO; > 
2CaCO; + CaCl, + 2HCIO 


blende A naturally occurring sulphide 
ore. 


blue vitriol Copper(I1) sulphate pentahy- 
drate (CuSO,.5H;O). 


boat conformation +See conformation. 


body-centred cubic crystal (bcc) A 
crystal structure in which the unit cell 
has an atom, ion, or molecule at each 
corner of a cube and at the centre of the 
cube. In this type of structure the 
coordination number is 8. It is less 
close-packed than the face-centred cubic 
Structure. The alkali metals form crystals 
with body-centred cubic structures. See 
also cubic crystal. 


Bohr theory +A theory introduced by 
Niels Bohr (1911) to explain the spec- 
trum of atomic hydrogen. The model he 
used was that of a nucleus with charge 
+e, orbited by an electron with charge 
-e, moving in a circle of radius r. If v is 
the velocity of the electron, the centri- 
petal force, mv?/r is equal to the force 
of electrostatic attraction, e?/4zer. 
Using this, it can be shown that the 
total energy of the electron (kinetic and 
potential) is -e?/8zeor. 

If the electron is considered to have 
wave properties, then there must be a 
whole number of wavelengths around 
the orbit, otherwise the wave would bea 
Progressive wave. For this to occur 
DÀ = 2er 
where n is an integer, 1; 2, 3,4, .... The 
wavelength, A, is h/mv, where h is the 
Planck constant and mv the momentum. 
Thus for a given orbit: 
nh/2n = myr 
This means that orbits are possible only 
when the angular momentum (mvr) is 
an integral number of units of h/27. 
Angular momentum is thus quantized. 
In fact, Bohr in his theory did not use 
the wave behaviour of the electron to 
derive this relationship. He asssumed 
from the beginning that angular momen- 
tum was quantized in this way. Using 
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the above expressions it can be. shown 
that the electron energy is given by 
E = -me*/8«?n^h* 
Different values of n (1, 2, 3, etc.) 
correspond to different orbits with 
different energies; n is the principal 
quantum number. In making a tran- 
sition from an orbit n, to another orbit 
7; the energy difference A W is given by: 
AW-W-W- 
me*(1/n? - 1/n2)/8e!h? 
This is equal to hr where » is the 
frequency of radiation emitted or absor- 
bed. Since xÀ = c, then 
1/A = me*(1/n? - 1/n2)/8«ch* 
The theory is in good agreement with 
experiment in predicting the waveleng- 
ths of lines in the hydrogen spectrum, 
although it is less successful for larger 
atoms. Different values of n, and m 
correspond to different spectral series, 
with lines given by the expression: 
VA = R(Y/n? - 1/m?) 
R is the Rydberg constant. Its experi- 
mental value is 1.09678 x 10? m-!. The 
value from Bohr theory (me*/8z« ch?) 
is 1.097 00 x 10’ m-'. See also atom, 


boiling The process by which a liquid is 
converted into a gas or vapour by 
heating at its boiling point. At this 
temperature the vapour pressure of the 
liquid is equal to the external pressure, 
and bubbles of vapour can form within 
the liquid. 


boiling point The temperature at which 
the vapour pressure of a liquid is equal 
to atmospheric pressure. This tempera- 
ture is always the same for a Particular 
liquid at a given pressure (for reference 
Purposes usually taken as standard 
pressure). See also elevation of. boiling 
point. 


boiling point-composition diagram +A 
diagram for a two-component liquid 
System representing both the variation 
of the boiling point and the composition 
of the vapour phase as the liquid-phase 
composition is varied. A. mixture of A 
and B at composition L, would have a 
boiling point T; and a vapour composi- 
tion Vj, which when condensed would 
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Boiling point — composition diagram 


give a liquid at L}. L; would boil at T; 
to give vapour V; equivalent to liquid of 
composition Ls, and so on. Thus the 
whole process of either distillation or 
fractionation of this system will lead to 
progressive enrichment in component 
A. 


For perfect solutions obeying Raoult's 
law the curves would coincide but in 
Teal cases there will be sufficient inter- 
molecular attraction to cause deviation 
from this. The separation of the curves 
as well as the difference in boiling 


Temperature 


boric acid 


Such energy values (calorific values) are 
often quoted in joules per kilogram 
(J kg). 


bond An interaction between two or 
more atoms or groups of atoms holding 
the atoms together. The forces giving 
rise to bonding may vary from extre- 
mely weak intermolecular forces, about 
0.1 kJ.mol-', to very strong chemical 
bonding, about 10? kJ mol-'. See bond 
energy, coordinate bond, covalent bond, 
electrovalent bond, hydrogen bond, 
metallic bond. 


bond energy The energy involved in 

forming a bond. For ammonia, for 
instance, the energy of the N-H bond is 
one third of the energy involved for the. 
process 

NH; >N + 3H 
It is thus one third of the heat of 
atomization. 
{The bond dissociation energy is a 
different quantity to the bond energy. It 
is the energy required to break a parti- 
cular bond in a compound, c.g.: 

NH; > NH; + H 


boracic acid See boric acid. 
boranes tSee boron hydrides. 


borate See boron. 


points determines the performance of' 


fractionation columns. See also constant- 
boiling mixture. 


Boltzmann constant Symbol: k +The 
constant 1.380 54 J K~', equal to the gas 
constant (R) divided by the Avogadro 
constant (N4): See also degrees of 
freedom. 


bomb calorimeter A sealed insulated 
Container, used for measuring energy 
released during combustion of substan- 
Ces (e.g. foods and fuels). A known 
amount of the substance is ignited inside 

e calorimeter in an atmosphere of 
Pure oxygen, and undergoes complete. 
Combustion at constant volume. The 
Tesultant rise in temperature is related 
10 the energy released by the reaction. 


borax Sce disodium tetraborate-10-water. 


borax-bead test A preliminary test in 
qualitative inorganic analysis that can 
be a guide to the presence of certain 
metals. A borax bead is formed by 
heating a little borax on a loop in a 
platinum wire. A minute sample is 
introduced into the bead and the colour 
observed in both the oxidizing and 
reducing areas of the bunsen flame. The 
colour is also noted when the bead is 
cold. s 


boric acid (boracic acid, H;BO;) A white 
crystalline solid soluble in water; in 
solution it is a very weak acid. Boric 
acid is used as a mild antiseptic eye 
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Borax bead colours 


Metal Oxidizing flame Reducing flame 
chromium green H & C green H & C 
cobalt blue H & C Due H&C 

e 
Copper \ green H, blue C often opaqu 
iron brown-red H, yellow C green H & C 
manganese violet H & C colourless H & C 
nickel red-brown C grey-black C 
H hot 
C cold 


lotion and was formerly used as a food 
preservative. It is used in glazes for 
enamelled objects and is a constituent of 
Pyrex ‘glass’. 

tTrioxoboric(II1) acid is the full system- 
matic name for the solid acid and its 
dilute solutions; in more concentrated 
solutions polymerization occurs to give 
polydioxoboric(III) acid. 


boride A compound of boron, especially 
one with a more electropositive element. 


Born-Haber cycle +A cycle used in 
calculating the lattice energies of solids. 
The steps involved are: 

Atomization of sodium: 

Na(s) > Na(g) AH; 
Tonization of sodium: 

Na(g) — Na *(g) AH; 
Atomization of chlorine: 

Clg) ^ 2Cl(g) AH; 
Tonization of chlorine: 

Chg) +e Cl-(g) AH, 

Formation of solid: 

Na*(g) + Cl-(g) + NaCl(s) AH; 
This last step involves the lattice energy 
AH;. The sum of all these enthalpies is 
equal to the heat of the reaction: 

Na(s) + 4Cl(g) > NaC\(s) 


boron A hard rather brittle metalloid 
element of group Il of the periodic 
table. It has the electronic structure 
15/2s2p!. Boron is of low abundance 
(0.000395) but the natural minerals occur 
in very concentrated form as borax 
(Na;B.O..10H;O) ^ and colemanite 
(Ca,B,0),). 


+The element is obtained by conversion 
to boric acid followed by dehydration to 
B:0; then reduction with magnesium. 
High-purity boron for semiconductor 
applications is obtained by conversion 
to boron trichloride, which can be puri- 
fied by distillation, then reduction using 
hydrogen. Only small quantities of 
elemental boron are needed commer- 
cially; the vast majority of boron 
supplied by the industry is in the form 
of borax or boric acid. 

As boron has a small atom and has a 
relatively high ionization potential its 
compounds are predominantly covalent; 
the ion B** does not exist. 

Boron does not react directly with 
hydrogen to form boron hydrides or 
'"boranes' but the hydrolysis of mag- 
nesium boride does produce a range of 
boranes such as BH, BsHs, and BH. 
Thermal decomposition of these higher 
boranes produces, among other things 
the simplest borane, B,H, (diborane). 
The species ‘BH,’ is only a short lived 
reaction intermediate, 

Finely divided boron burns in oxygen 
above 600°C to give the oxide, B;O;, an 
acidic oxide, which will dissolve slowly 
in water to give boric acid (B(OH);) 
and rapidly in alkalis to give borates 
such as Na;B,O,. A number of poly- 
meric species with B-B and B-O links 
are known, eg. a lower oxide (BO),, 
and a polymeric acid (HBO,),. Although 
the parent acid is weak, many salts 
containing borate anions are known but 
their Stoichiometry Bives little indication 
of their structure, many of which are 


cyclic or linear polymers. These contain 
both ‘BO,’ and planar groups and ‘BO,’ 
tetrahedra. Boric acid and the borates 
give a range of glassy substances on 
heating; these contain cross-linked B- 
O-B chains and nets. In the molten state 
these materials react with metal ions to 
form borates, which on cooling give 
characteristic colours to the glass. 

Boron reacts with nitrogen on strong 
heating (1000°C) to give boron nitride, a 
slippery white solid with a layer struc- 
ture similar to that of graphite, i.e., 
hexagonal rings of alternating B and N 
atoms. The material has an extremely 
high melting point and is thermlly very 
stable but there is sufficient bond 
polarity in the B-N links to permit slow 
hydrolysis by water to give ammonia. 
There is also a ‘diamond like' form of 
B-N which is claimed to be even harder 
than diamond. 

Elemental boron reacts directly with 
fluorine and chlorine but for practical 


purposes the halides are obtained via. 


the BF route from boric acid: 
B;O; + 3CaF; + 3H:SO, > 
3CaSO, + 3H;0 + 2BF; 

BF, + AICI; > AIF; + BCl, 
‘These halides are all covalent molecules, 
which are all planar and trigonal in 
shape. Boron halides are industrially 
important as catalysts or promoters ina 
variety of organic reactions including 
polymerization and Friedel-Crafts type 
alkylations. The decomposition of boron 
halides in atmospheres of hydrogen at 
elevated temperatures is also used to 
deposit traces of pure boron in semicon- 
ductor devices. 

Boron forms a range of compounds with 
elements that are less electronegative 
than itself, called borides. Borides such 
as ZrB, and TiB; are hard refractory 
substances, which are chemically inert 
and have remarkably high electrical 
conductivities, Borides have a wide 
range of ‘stoichiometries, from M.B 
through to MBg, and can exist in close- 
packed arrays, chains, and two-dimen- 
sional nets. Natural boron consists of 
two isotopes, "B (18.83%) and ''B 
(81.17%). These percentages are suffi- 
ciently high for their detection by 


borosilicates 


splitting of infra-red absorption or by 
n.m.r. spectroscopy. 

Both borax and boric acid are used as 
mild antiseptics and are not regarded as 
toxic; boron hydrides are however highly 
toxic. 

Symbol: B; m.p. 2300°C; b.p. 2550°C; 
r.d. 2.34; p.n. 5; r.a.m. 10.81. 


boron hydrides Six hydrides of boron 
ranging from B;H, to BH, which 
have complex molecular structures. The 
compound B:Hs can be prepared by 
reacting boron trichloride with hydro- 
gen. fA complex ion, tetrahydri- 
doborate(III) (borohydride, BH,"), can 
be formed; it has very strong reducing 
properties. 


boron nitride (BN) tA compound 
formed by heating boron in nitrogen 
(1000°C). It has two crystalline forms. 
See boron. 


boron oxide (B,0;) A glassy hygroscopic 
solid that eventually forms boric acid. It 
forms various salts but also exhibits 
some amphoteric properties. 


boron tribromide (BBr;) A colourless 
liquid. See boron trichloride. 


boron trichloride (BCl;) A fuming liquid 
made by passing dry chlorine over 
heated boron. It is rapidly hydrolysed 
by water: 
BCI; + 3H;0 — 3HCI + HBO; 
As there are only three pairs of shared 
electrons in the outer shell of the boron 
atom, boron halides form very stable 
addition compounds with ammonia by 
the acceptance of a lone electron pair in 
a coordinate bond to complete a shared 
` octet. 


boron trifluoride (BF;) A colourless 
fuming gas made by heating a mixture 
of boron oxide, calcium fluoride, and 
concentrated sulphuric acid. See boron 
trichloride. 


borosilicates {Complex compounds 
similar to silicates, but containing BO, 
and BO, units in addition to the SiO, 
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Bosch process 


units. Certain crystalline borosilicate 
minerals are known. In addition, boro- 
silicate glasses can be made by using 
boron oxide in addition to silicon 
dioxide. These tend to be tougher and 
more heat resistant than ‘normal’ sili- 
cate glass. 


| 
Bosch process The reaction 
CO + H,O —> CO, + H ! 
| Using water gas over a hot catalyst, 
used to make hydrogen for the Haber 
process. 


bowl classifier A device that separates 
solid particles in a mixture of solids and 
liquid into fractions according to parti- 
Cle size, Feed enters the centre of a 
shallow bowl, which contains revolving 
blades. The coarse solids collect on the 
bottom, fine solids at the periphery. 


Boyle’s iaw At a constant temperature, 
the pressure of a fixed mass of a gas is 
inversely proportional to its volume: ie. 

pY-K 
where’ K is a constant. The value of K 
depends on the temperature and on the 
nature of the gas. The law holds strictly 
only for ideal gases. Real gases follow 
Boyle's law at low pressures and high 
temperatures. See gas laws. 


Brady's reagent +See 2,4-dinitrophenyl- 
hydrazine, 


Bragg equation An equation used to 
deduce the crystal structure of a material 
using data obtained from X-rays directed 
at its surface, +The conditions under 
which a crystal will reflect a beam of X- 
Tays with maximum intensity is: 

nÀ = 2dsing 
where 6 is the angle of incidence and 
Teflection (Bragg angle) that the X-rays 
make with the crystal » n is a 
small integer, À is the wavelength of the 
X-rays, and d is the distance between 
the crystal planes. 


branched chain Sec chain. 


brass Any of a group of copper-zinc 
alloys containing up to 50% of zinc. The 
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colour of brass changes from red-gold to 
golden to silvery-white with increasing 
zinc content. Brasses are easy to work 
and resist corrosion well. Brasses with 
up to 35% zinc can be worked cold and 
are specially suited for rolling into 
sheets, drawing into wire, and making 
into tubes. Brasses with 35-46% zinc are 
harder and stronger but less ductile; 
they require hot working (e.g. forging). 
The properties of brass can be improved 
by the addition of other elements; lead 
improves its ability to be machined, 
while aluminium and tin increase its 
corrosion-resistance, See also bronze, 
nickel-silver. 


bremsstrahlung See X-radiation. 
Brin process +See barium. 


bromic(I) acid (hypobromous acid, 
HBrO) A pale yellow liquid made by 
reacting mercury(II) oxide with bromine 
water. It has strong bleaching powers, 
tBromic(I) acid will donate Protons to 
only a small extent and hence is a wea! 
acid in aqueous solution. It is a strong 
oxidizing agent. 


bromic(V) acid (HBrO;) A colourless 
liquid made by the addition of dilute 
sulphuric acid to barium bromate. it 
dissociates extensively in aqueous 
solution and is a strong acid. 


bromide See halide. 
bromination See halogenation. 


bromine A deep red, moderately reactive 
liquid element belonging to the halogens 
(group VII of the periodic table). It 
Occurs in small amounts in Seawater, 
salt lakes, and salt deposits but is much 
less abundant than chlorine. Bromine 
reacts with most metals but generally 
with less Vigour than chlorine. It has 
less oxidizing power than chlorine and 
Consequently can be released from 
solutions of bromides by reaction with 
chlorine gas. The laboratory method is 
the more convenient oxidation by 
manganese dioxide. Industrial methods 


of production utilize oxidation by 
chlorine or electrolysis with removal 
from the solution by purging with air. 
Bromine and its compounds are used in 
pharmaceuticals, photography, chemical 
synthesis, fumigants, and in significantly 
large quantities as 1,2-dibromoethane. 
The electropositive elements form ionic 
bromides and the less electropositive 
elements and metalloids form partly 
covalent bromides. The non-metals form 
fully covalent bromides, with stabilities 
"that are usually less than those of the 
corresponding chlorides. The metal 
bromides are generally more soluble 
than the corresponding chlorides (bec- 
ause the larger bromide ion reduces the 
lattice energies). 

TLike chlorine, bromine forms oxides, 
Br;O and BrO; both of which are 
unstable. The related oxo-acid anions 
hypobromite (BrO-) and bromate 
(BrO;") are formed by the reaction of 
bromine with cold aqueous alkali and 
hot aqueous alkali respectively, but the 
bromine analogues of chlorite and 
perchlorate are not known. 

Bromine and the interhalogens are 
highly toxic. Liquid bromine and 
bromine solutions are also very corrosive 
and goggles and gloves should always be 
worn when handling such compounds. 
Symbol: Br; m.p. -7.2°C; bp. 58.7°C; 
r.d. 3,12; p.n. 35; r.a.m. 79.909. 


bromine trifluoride (BrF;) A colourless 
fuming liquid made by direct combina- 
tion of fluorine and bromine. fit is a 


very reactive compound, its reactions ` 


being similar to those of its component 
halides, 


bromoethane (ethyl bromide, C;HsBr) 
A colourless volatile compound, used as 
a refrigerant. It can be made from ethene 
and hydrogen bromide. 


bromoform +See tribromomethane. 


bromomethane (methyl ^ bromide, 
CH,Br) A colourless volatile compound 
used as a solvent. It can be made from 
methane and bromine. 


buffer 


bronze Any of a group of copper-tin 
alloys usually containing 0.5-10% of tin. 
They are generally harder, stronger in 
compression, and more corrosion-resis- 
tant than brass. Zinc is often added, as 
in gunmetal (2-4% zinc), to increase 
strength and corrosion-resistance; Bri- 
tish bronze coins now contain more zinc 
(2.5%) than tin (0.5%). The presence of 
lead improves its machining qualities, 
Some copper-rich alloys containing no 
tin are also called bronzes. Aluminium 
bronzes, for example, with up to 10% 
aluminium, are strong, resistant to 
corrosion and wear, and can be worked 
cold or hot; silicon bronzes, with 1-5% 
silicon, have high corrosion-resistance; 
beryllium bronzes, with about 2% beryl- 
lium, are very hard and strong. 


Brownian movement The random 
motion of small particles in a fluid — 
for example, smoke particles in air. The 
particles, which may be large enough to 
be visible with a microscope, move 
because they are continuously bombar- 
ded by the molecules of the fluid. 


brown-ring test A qualitative test used 
for the detection of nitrate. A freshly 
prepared solution of ferrous sulphate is 
mixed with the sample and concentrated 
sulphuric acid is introduced slowly to 
the bottom of the tube using a dropping 
pipette so that two layers are formed. A 
brown ring formed where the liquids 
meet indicates the presence of nitrate. 
7The brown colour is [Fe(NO)}SO,, 
which breaks down on shaking. 


buffer A solution in which the pH 
remains reasonably constant when acids 
or alkalis are added to it; i.e. it acts as a 
buffer against (small) changes in_pH. 
Buffer solutions generally contain a 
weak acid and one of its salts. derived 
from a strong base; e.g. a solution of 
acetic acid and sodium acetate. fIf an 
acid is added, the H* reacts with the 
acetate ion (from dissociated sodium 
acetate) to form undissociated acetic 
acid; if a base is added the OH“ reacts 
with the acetic acid to form water and 
; the acetate ion. The effectiveness of the 
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bumping 


buffering action is determined by the 
concentrations of the acid-anion pair. 
Phosphate, oxalate, tartrate, borate, and 
carbonate systems can also be used for 
buffer solutions. 


bumping Violent boiling of a liquid 
caused when bubbles form at pressure 
above atmospheric pressure. 


Bunsen burner A gas burner consisting 
of a vertical metal tube with an adjus- 
table air-inlet hole at the bottom. Gas is 
allowed into the bottom of the tube and 
the gas-air mixture is burnt at the top. 
With too little air the flame is yellow 
and sooty. Correctly adjusted, the burner 
gives a flame with a pale blue inner 
cone of incompletely burnt gas, and an 
almost invisible outer flame where the 
gas is fully oxidized and reaches a 
temperature of about 1500°C. 


Bunsen cell tA type of primary cell in 
which the positive electrode is formed 
by carbon plates in a nitric acid solution 
and the negative electrode consists of 
zinc plates in sulphuric acid solution. 


burette A piece of apparatus used for the 
addition of variable volumes of liquid in 
a controlled and measurable way. The 
burette is a long cylindrical graduated 
tube of uniform bore fitted with a 
stopcock and a small-bore exit jet, 
enabling a drop of liquid at a time to be 
added toʻa reaction vessel. Burettes are 
widely used in volumetric analysis, 
Standard burettes permit volume meas- 
urement to 0.005 cm? and have a total 
capacity of 50 cm?; a variety of smaller 
microburettes is available. 


buta-1,3-diene (butadiene, CH:CH- 
CH:CH;) fA colourless gas made by 
catalytic dehydrogenation of butane. It 
is polymerized in the manufacture of 
synthetic rubber. Buta-1,3-diene is 
conjugated and to some extent the pi 


electrons are delocalized over the mole- 
cule, 


butanal (butyraldeh: CH; 
colourless liquid PEERS MR GUN 
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butane (C;Hi) A gaseous alkane 
obtained either from the gaseous fraction 
of crude oil or by the ‘cracking’ of 
heavier fractions. Butane is easily lique- 
fied and its main use is as a portable 
supply.of fuel (bottle gas). 
Butane is the fourth member of the 
homologous series of alkanes. 


butanedioic acid (succinic acid) 
TA crystalline carboxylic acid, 
HOOC(CH;&;COOH, occurring in 
amber and certain plants. It forms during 
the fermentation of sugar. 


butanoic acid (butyric acid, CHC- 
OOH) TA colourless’ liquid carboxylic 
acid. Esters of butanoic acid are present 
in butter. 


butanols (C,H,OH) Two alcohols 
derived from butane: — butan-1-ol 
(CH;(CH),CH,0H) and butan-2-ol 
(CH;CH(OH)CH;CH;). Both are col- 
ourless volatile liquids used as solvents. 


butanone (methyl ethyl ketone, CHyCO- 

GHs) fA colourless volatile liquid 
ketone. It is manufactured by the 
oxidation of butane and used as a 
solvent. 


butenedioic acid {Either of two isomers. 
Transbutenedioic acid (fumaric acid) is 


a crystalline compound found in certain 
plants. 


Cisbutenedioic acid (maleic acid) is 
used in the manufacture of synthetic 
resins. It can be converted into the trans 
isomer by heating at 120°C. 


butyl group The straight chain alkyl 
group CH;(CH;);CH,-. 


butyraldehyde Sce butanal. 
butyric acid +See butanoic acid, 


by-product A substance obtained during 
the manufacture of a main chemical 
Product. For example, Propanone is not 
now manufactured from propan-1-ol, 
but is obtained as a by-product in the 
manufacture of phenol. 


trans (fumaric) 


Butenedioic acids 


iC 


cadmium A transition metal obtained as 
a by-product during the extraction of 
zinc, It is used to protect other metals 
from corrosion, as a neutron absorber in 
nuclear reactors, and in alkali-type 
batteries. 
Symbol: Cd; m.p. 320°C; b.p. 765°C; 
r.d. 8.7; p.n. 48; ram. 112.41. 


Soran cell +See Weston cadmium 
cell. 


caesium A soft silvery highly reactive 
element of the alkali metal group. It is 
found in several silicate minerals, 
including pollucite (CsAISi;O;). Cae- 
sium is used in photocélls, as a catalyst, 
in the caesium atomic clock, and 
recently in ion-propulsion systems for 
Spacecraft. 
Symbol: Cs; m.p. 28.5°C; b.p. 690°C; 
r.d. 1.87; p.n. 55; r.a.m. 132.91. 


calcium 


caesium-chloride structure +A form of 
crystal structure that consists of alternate 
layers of caesium ions and chloride ions 
with the centre of the lattice occupied 
by a caesium ion in contact with eight 
chloride ions (i.e. four chloride ions in 
the plane above and four in the plane 
below). 


calcination The formation of a calcium 
carbonate deposit from hard water. 


calcite A mineral form of calcium 
carbonate occurring in limestone and 
marble. 


calcium A moderately soft, low-melting 
reactive metal; the third element in 
group II of the periodic table. The 
electronic configuration is that of argon 
with an additional pair of 4s electrons. 
Calcium is widely distributed in the 
Earth’s crust and is the third most abun- 
dant element. Large deposits occur as 
chalk or marble, CaCO;; gypsum, 
CaSO,.2H;0; anhydrite, CaSO,; fluor- 
spar, CaF and apatite, CaF;.Cax( PO4);. 
However sufficiently large quantities of 
calcium chloride are available as waste 
from the Solvay process to satisfy 
industrial requirements for the metal, 
which is produced by electrolysis of the 
fused salt. Large quantities of lime, 
Ca(OH), and quicklime, CaO, are 
produced by decomposition of the 
carbonate for use in both building and 
agriculture. Several calcium minerals 
are mined for the content of the other 
mineral. Thus, limestone is a cheap 
source of carbon dioxide, gypsum and 
anhydrite are used in the manufacture of 
sulphuric acid, phosphate rock for 
phosphoric acid, and fluorspar fora 
range of fluorochemicals. 
Calcium has a low ionization potential 
and a relatively large atomic radius. It is 
thereiore a very electropositive element. 
The metal is very reactive and the 
compounds contain the divalent ion 
Ca?*. Calcium forms the oxide (CaO), 
a white ionic solid, on burning in air, 
but for practical purposes the oxide is 
best prepared by heating the carbonate, 
which decomposes at about 800°C. Both 
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calcium acetylide 


the oxide and the metal itself react with 
water to give the basic hydroxide 
(Ca(OH);) On heating with nitrogen, 
sulphur, or the halogens, calcium reacts 
to form the nitride (Ca;N;), sulphide 
(CaS), or the halides (CaX;). Calcium 
also reacts directly with hydrogen to 
give the hydride CaH; and borides, 
arsenides, carbides, and silicides can be 
prepared in a similar way. Both the 
carbonate and sulphate are insoluble. 
Calcium salts impart a characteristic 
brick-red colour to flames which is an 
aid to qualitative analysis, At ordinary 
temperatures calcium has the face- 
centred cubic structure with a transition 
at 450°C to the close-packed hexagonal 
structure. 

Symbol: Ca; m.p. 851°C; b.p. 1487°C; 
r.d. 1.54; p.n. 20; r.a.m. 40.08. 


calcium acetylide See calcium dicar- 
bide. 


calcium bicarbonate See calcium hydro- 
gencarbonate. 


calcium carbide See calcium dicarbide, 


calcium carbonate (CaCO;) A white 
solid that occurs naturally in two 
crystalline forms: calcite and aragonite. 
These minerals make up the bulk of 
such rocks as marble, limestone, and 
chalk. Calcium carbonate also occurs in 
the mineral dolomite (CaCO;.MgCO)). 
It is sparingly soluble in water but 
dissolves in rainwater containing carbon 
dioxide to form calcium hydrogencar- 
bonate, which causes temporary hard- 
ness of water. Calcium carbonate is a 
basic raw material in the Solvay process 


and is used for making glass, mortar, 
and cement. 


calcium chloride (CaCl;) A white solid 
that occurs in a number of hydrated 
forms and is readily available as a by- 
product of the Solvay process. It is 
readily soluble in water and the Solution, 
known as brine, is used in refrigerating 
plants. Other applications that depend 
on its water-absorbing property and the 
low freezing point of the aqueous 
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solution include the suppression of dust 
on roads and in mines and the melting 
of snow. Calcium chloride is also used 
as the electrolyte in the production of 
calcium. 


calcium cyanamide (CaCN;) *A solid 
prepared by heating calcium dicarbide 
to a temperature in excess of 800°C in 
an atmosphere of nitrogen. It is used as 
a fertilizer because ammonia and 
calcium carbonate are slowly formed 
when water is added: 

CaCN; + 3H;0 — CaCO; + 2NH; 
Other uses include the defoliation of 
cotton plants and the production of 
melamine. 


calcium dicarbide (calcium acetylide, 
calcium carbide, CaC;) A colourless 
solid when pure. In countries where 
electricity is cheap, calcium dicarbide is 
produced on a large scale by heating 
calcium oxide with coke at a temperature 
in excess of 2000°C in an electric-arc 
furnace. Water is then added to give 
ethyne (C,H), an important industrial 
organic chemical: 

CaC; + 2H;0 — C;H; + Ca(OH); 
fThe structure of calcium dicarbide is 
interesting because the carbon is present 
as carbide ions (C;?*). See ethyne. 


calcium-fluoride structure (fluorite 
Structure) tA form of crystal structure 
in which each calcium ion is surrounded 
by eight fluoride ions arranged at the 
corners of a cube and each fluoride ion 
is surrounded tetrahedrally by four 
calcium ions. 


calcium hydrogencarbonate (calcium 
bicarbonate, Ca(HCO;);) A solid for- 
med when water containing carbon 
dioxide dissolves calcium carbonate: 
CaCO, + H:O + CO; > Ca(HCO;)h 
Calcium hydrogencarbonate is a cause 
of temporary hard water. The solid is 
unknown at room temperature. 


calcium hydroxide (slaked lime, 
Ca(OH);) A white solid that dissolves 
sparingly in water to give the alkali 
known as limewater. Calcium hydroxide 


is manufactured by adding water to the 
oxide, a process known as s/aking, which 
evolves much heat. If just sufficient 
water is added so that the oxide turns to 
a fine powder, the product is slaked 
lime. If more water is added, a thick 
suspension called milk of lime is formed. 
Calcium hydroxide has many uses. As a 
base, it is used to neutralize acid soil 
and to recover ammonia from the 
ammoniacal liquor of gasworks and the 
Solvay process. It is also used in the 
manufacture of mortar, whitewash, and 
bleaching powder and for the softening 
of temporary hard water. 


calcium nitrate (Ca(NO;)) A deli- 
quescent salt that is very soluble in 
water. It crystallizes as the hydrate 
Ca(NO;)).4H2O. When the hydrate is 
heated, the anhydrous salt is first 
Produced and this subsequently decom- 
Poses to give calcium oxide, nitrogen 
dioxide, and oxygen. Calcium nitrate is 
used as a nitrogenous fertilizer. 


calcium octadecanoate (calcium stear- 
ate, Ca(CH(CH;)«COO);) An inso- 
luble salt of octadecanoic acid. It is 
formed as ‘scum’ -when soap, containing 
the soluble salt sodium octadecanoate, 
is mixed with hard water containing 
calcium ions. See soap. 


calcium oxide (quicklime, CaO) A white 
Solid formed by heating calcium in 
oxygen or, more widely, by the thermal 
decomposition of calcium carbonate. 
On a large scale, limestone (calcium 
Carbonate) is heated in a tall tower 
Called a lime kiln to a temperature of 
550°C. The reversible reaction: 

CaCO; = CaO + CO: 
Proceeds in a forward direction as the 
carbon dioxide is carried away by the 
upward current through the kiln. 
Calcium oxide is used in extractive 
metallurgy to produce a slag with the 
impurities in metal ores; it is also 
as a drying agent, and it is an°inter- 
Mediate for the production of calcium 
hydroxide. 


calcium phosphate (Ca,(PO.):) A solid 


calomel electrode 


that occurs naturally in the mineral 
apatite (CaF .Ca;(PO,);) and in rock 
phosphate. It is the chief constituent of 
animal bones and is used extensively in 
fertilizers. 


calcium stearate See calcium octade- 
canoate. 


calcium sulphate (anhydrite, CaSO.) A 
white solid that occurs abundantly as 
the mineral anhydrite and as the dihy- 
drate (CaSO,.2H;O0), known as gypsum 
or alabaster. When heated, gypsum loses 
water to form the hemihydrate (CaSO,); 
H,0), which is plaster of Paris. If the 
water is replaced, gypsum reforms and 
sets as a solid. Plaster of Paris is there- 
fore used for taking casts and for setting 
broken limbs. Calcium sulphate is 
sparingly soluble in water and is a cause 
of permanent hardness. It is used in 
ceramics, paint, and in paper making. 


Calgon (Tradename) A substance often 
added to detergents to remove unwanted 
chemicals that have dissolved in water 
and would otherwise react with soap to 
form a scum. Calgon consists of compli- 
cated polyphosphate molecules, which 
absorb dissolved calcium and mag- 
nesium ions. The metal ions become 
trapped within the Calgon molecules. 


caliche An impure commercia! form of 
sodium nitrate. 


californium A radioactive transuranic 
element of the actinoid series of metals, 
not found naturally on Earth. Several 
radioisotopes have been synthesized, 
including californium-252, which is used 
as an intense source of neutrons. 
Symbol: Cf; p.n. 98; stablest isotope 
251Cf (half-life 800 years). 


calomel See mercury(1) chloride. 


calomel electrode tA half cell having a 
mercury electrode coated with mer- 
cury(I) chloride (called calomel), in an 
electrolyte consisting of potassium 
chloride and (saturated) mercury(I) 
chloride solution. Its standard electrode 
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calorie 


tential against the hydrogen electrode 
reure known (-0.2415 V at 25°C) 
and it is a convenient secondary stan- 
dard. 


calorie Symbol: cal A unit of energy 
approximately equal to 4.2 joules. It was 
formerly defined as the energy needed to 
"raise the temperature of one gram of 
water by one degree Ceisius. Because 
the specific thermal capacity of water 
changes with temperature, this definition 
is not precise. {The mean or ther- 
mochemical calorie (calrų) is defined as 
4.184 joules. The international table 
calorie (cal;r) is defined as 4.1868 joules. 
Formerly the mean calorie was defined 
as one hundredth of the heat needed to 
raise one gram of water from OC to 
100°C, and the 15°C calorie as the heat 
needed to raise it from 14.5°C to 15.5°C. 


calorific value The energy content of a 
fuel, defined as the energy released in 
burning unit mass of the fuel. 


calx A metal oxide obtained by heating 
an ore to high temperatures in air. 


candela Symbol: cd The SI base unit of 
luminous intensity, defined as the inten- 
sity (in the perpendicular direction) of 
the black-body radiation from a surface 
of 1/600000 square metre at the 
"temperature of freezing platinum and at 
a pressure of 101 325 pascals. 


cane sugar See sucrose. 


Cannizzaro reaction +The reaction of 
aldehydes to give alcohols and acid 
anions in the presence of Strong bases. 
The aldehydes taking part in the 
Cannizzaro reaction lack hydrogen 
atoms on the carbon attached to the 
aldehyde group. For instance, in the 
presence of hot aqueous sodium 
hydroxide: 
NaOH + 2C;H.CHO > 
C«H;CH;OH + C;H.COO-Na * 

The reaction is a disproportionation, 
involving both oxidation (to acid) and 
reduction (to alcohol). It can also occur 
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with methanal to give methanol and 
methanoate ions. 

NaOH + 2HCHO — CH;OH + 
HCOO'Na* 


canonical form +See resonance. 
carbamide See urea. 


carbanion {An intermediate in an 
organic reaction in which one carbon 
atom is electron-rich and carries a 
negative charge. Carbanions are usually 
formed by abstracting a hydrogen ion 
from a C-H bond using a base, e.g. from. 
ethanal to form "CH;CHO, or from 
organometallic compounds in which the 
carbon atom is bonded to an electro- 
positive metal. 


carbene 1A transient species of the form 
RR'C:, with two valence electrons that 
do not form bonds. The simplest exam- 
ple is methylene, H;C:. Carbenes are 
intermediates in some organic reactions. 


carbide A compound of carbon with a 
more electropositive element. +The 
carbides of the elements are classified 
into: 

(1) Ionic carbides, which contain the 
carbide ion C*-. An example is alumin- 
ium carbide, Al,C;. Compounds of this 
type react with water to give methane 
(they were formerly also called methani- 
des). Another type of ionic carbon 
compound contains the dicarbide ion 
7C:C'. The best-known example is 
calcium dicarbide, CaC;, also known as 
calcium carbide, or simply carbide. 
Compounds of this type give acetylene 
with water. They were formerly called 
acetylides. Yonic carbides are formed 
with very clectropositive metals. They 
are crystalline. 

(2) Covalent carbides, which have giant- 
molecular structures, as in silicon 
carbide (SiC) and boron carbide (B4Cs). 
These are hard high-melting solids. 
Other covalent compounds of carbon 
(CO; CS, CH4, etc.) have covalent 
molecules.” 

(3) Interstitial carbides, which are inter- 
stitial compounds of carbon with tran- 


sition metals. Titanium carbide (TiC) is 
an example. These compounds are all 
hard high-melting solids, with metallic 
properties. Some carbides (e.g. nickel 
carbide Ni,C) have properties inter- 
mediate between those of interstitial and 
ionic carbides. 


carbocyclic compound A compound, 
such as benzene or cyclohexane, that 
contains a ring of carbon atoms in its 
Structure. 


carbohydrates A class of compounds 
occurring widely in nature and having 
the general formula type C,(H20),. 
(Note that although the name suggests 2 
hydrate of carbon these compounds are 
in no way hydrates and have no similari- 
ties to classes of hydrates.) Carbohy- 
drates are generally divided into two 
main classes: sugars and polysaç- 
charides. 
Carbohydrates are both stores of energy 
and structural elements in living 
systems; plants having typically 15% 
carbohydrate and animals about 1% 
carbohydrate. The body is able to build 
up polysaccharides from simple units 
(anabolism) or break the larger units 
down to more simple units for releasing 
energy (catabolism). See also poly- 
saccharide, sugar. 


carbolic acid A former name for phenol 
(hydroxybenzene, CsHsOH). 
Graphite 


carbon 


carbon The first element of group IV of 
the periodic table. Carbon is a universal 
constituent of living matter and the 
principle deposits of carbon compounds 
are derived from living sources; i.e., 
carbonates (chalk and limestone) and 
fossil fuels (coal, oil, and gas). It also 
occurs in the mineral dolomite. The 
element forms only 0.032% by mass of 
the Earth’s crust. Minute quantities of 
elemental carbon also occur as graphite 
and diamond. 
The industrial demand for graphite is 
such that it is manufactured in large 
quantities using the Acheson process in 
which coke and small amounts of asphalt 
or clay are raised to high temperatures. 
Large quantities of impure carbon are 
also consumed in the reductive extrac- 
tion of metals. Apart from the demand 
for diamond as a gem-stone there is a 
large industrial demand for low grade 
small diamonds for drilling and grinding 
machinery. High-temperature studies 
show that graphite and diamond can be 
inter-converted at 3000°C and extremely 
high pressures but the commercial 
exploitation would not be viable. 
Carbon burns in oxygen to form carbon 
dioxide and carbon monoxide, CO. 
Carbon dioxide is soluble in water 
forming the weakly acidic carbonic acid, 
the parent acid of the metal carbonates. 
In contrast CO is barely soluble in 
water but it will react with alkali to give. 
the methanoate (formate) ion; 


Diamond 


Carbon structures 
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carbonate 


CO + OH: => HCO, 

Carbon will react readily with sulphur 
at red heat to form CS; but it does not 
react directly with nitrogen. Cyanogen, 
(CN), must be prepared by heating 
covalent metal cyanides such as CuCN. 
Carbon will also react directly with 
many metals at elevated temperatures to 
give carbides. Carbides can also be 
obtained by heating the metal oxide 
with carbon or heating the metal with a 
hydrocarbon. There is a bewilderingly 
wide range of metal carbides, both salt- 
like with electropositive elements 
(CaC;) and covalent with the metalloids 
(SiC), and there are also many inter- 
stitial carbides formed with metals such 
as Cr, Mn, Fe, Co, and Ni. 

+The compounds with C-N bonds form 
a significant branch of inorganic chemis- 
try of carbon, these are hydrogen cyanide 
(HCN) and the cyanides, cyanic acid 
(HNCO) and the cyanates, and thio- 
cyanic acid (HNCS) and the thio- 
cyanates, 

Naturally occurring carbon has the 
isotopic composition "2C(98.89%), 
"C(I.119$) and "C (minute traces in 
the upper atmosphere produced by slow. 
neutron capture by “N atoms), “C is 
used for radiocarbon dating because of 
its long half-life of 5570 years. 

Symbol: C; m.p. 3570°C; b.p. 4827°C; 
r.d. 3.51; p.n. 6; ram. 12.01. 


carbonate A salt of carbonic acid 
(containing the ion CO;?+). 


carbonation The solution of carbon 
dioxide in a liquid under Pressure, as in 
carbonated soft drinks, 


carbon dating (radiocarbon dating) A 
method of dating — measuring the age 
of (usually archaeological) materials 


ely 5730 years, is 
usly in the atmos- 
smic-ray action. 
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radioactive decay. The ratio of "°C to 
VC is thus a measure of the time elapsed 
since the death of the organic material. ^ 
The method is most valuable for speci- 
mens of up to 20000 years old, though 
it has been modified to measure ages up 
to 70000 years. For ages of up to about 
8000 years the carbon time scale has 
been calibrated by dendrochronology; 
ie. by measuring the "C:'C ratio in 
- tree rings of known antiquity. 


carbon dioxide (CO;) A colourless 
odourless nonflammable gas formed 
when carbon burns in excess oxygen. It 
is also produced by respiration. Carbon 
„dioxide is present in the atmosphere 
(0.03% by volume) and is converted in 
plants to carbohydrates by photosyn- 
thesis. In the laboratory it is made by 
the action of dilute acid on metal 
carbonates. Industrially, it is obtained as 
a by-product in certain Processes, such 
as fermentation or the manufacture of 
lime. The main uses are as a refrigerant 
(solid carbon dioxide, called dry ice) 
and in fire extinguishers and carbonated 
drinks. 

Carbon dioxide is the anhydride of the 
weak acid carbonic acid, which is formed 
in water: 


CO; + H;0 > H;CO, 


carbon disulphide (CS:) A colourless 
Poisonous flammable liquid made from 
methane (natural gas) and sulphur. 1t is 
a solvent. The pure compound is 
Virtually odourless, but CS; usually has 
a revolting smell because of the presence 
of other sulphur compounds. 


carbonium ion +An intermediate in an 
organic reaction in which one carbon 
atom is electron-deficient and carries a 
Positive charge. Carboniuin ions are 
formed by breaking a covalent bond 
between a carbon atom and an elec- 
tronegative atom: 

CiHsBr 5 C;H,* + Br- 

They are high-energy intermediates and 
can only be stabilized and isolated under 
Special conditions, 


carbonize (cárburize) To convert an 


organic compound 
incomplete oxidation 
ture. 


into carbon by 
at high tempera- 


carbon monoxide (CO) A colourless 
flammable toxic gas formed by the 
incomplete combustion of carbon. In 
the laboratory it can be made by dehy- 
drating methanoic acid with concen- 
trated sulphuric acid 

HCOOH - H:0 CO 

Industrially, it is produced by the 
oxidation of carbon or of natural gas, or 
by the water-gas reaction. It is a power- 
ful reducing agent and is used in metal- 
lurgy. 
TCarbon monoxide is neutral and only 
Sparingly soluble in water. It is not the 
anhydride of methanoic acid, although 
under extreme conditions it can react 
With sodium hydroxide to form sodium 
methanoate, It forms metal carbonyls 
With transition metals, and its toxicity is 
due to its ability to form a complex with 
haemoglobin. 


carbon tetrachloride (tetrachlorome- 
thane, CCl.) A colourless nonflammable 
liquid made by the chlorination of 
methane. Its main use is as a solvent. 


Carbonyl +A complex in which C=O 
ligands are coordinated to a metal atom. 
A common example is tetracarbonyl 
nickel(0), Ni(CO).. 


carbonyl group The group C=O. It 
Occurs in aldehydes (RCO.H), ketones 
(RR'CO), carboxylic acids (RCO.OH), 


and in carbonyl complexes of transition 
Metals, 
carboxyl group The organic group 


~CO.OH, present in carboxylic acids. 
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Carnot cycle 


carboxylic acid A type of organic 
compound with the general formula 
RCOOH. Many carboxylic acids occur 
naturally in plants and (in the form of 
esters) in fats and oils. hence the 
alternative name fatty acids. The 
methods of preparation are: 
(1) Oxidation of a primary alcohol or 
an aldehyde: 
RCH;OH + 2[0] > RCOOH + H;O 
(2) Hydrolysis of a nitrile using dilute 
hydrochloric acid: 
RCN + HCI + 2H;0 > RCOOH + 
NH.CI 
fThe acidic properties of carboxylic 
acids are due to the carbonyl group, 
which attracts electrons from the C-O 
and O-H bonds. The carboxylate ion 
formed, R-COO,, is also stabilized by 
delocalization of electrons over the O- 
C-O grouping. 
Other reactions of carboxylic acids 
include the formation of esters and the 
reaction with phosphorus(V ) chloride to 
form acyl halides: 


carburizing See case hardening. 


carbylamine reaction {See isocyanide 
test. 


carnallite A mineral chloride of potas- 
sium and magnesium, KCI.MgCl;.6H;O. 


Carius method tA method in quan- 
titative analysis for identifying halogens, 
phosphorus, and sulphur in organic 
compounds. The compound is heated 
with concentrated nitric acid, which. 
oxidizes the organic matter and leaves 
the element in a form in which it can be 
detected by normal qualitative analysis. 


Carnot cycle +The idealized reversible 
cycle of four operations occurring in a 
perfect heat engine. These are the 
successive adiabatic compression, iso- 
thermal expansion, adiabatic expansion, 
and isothermal compréssion of the 
working substance. The cycle returns to 
its initial pressure, volume, and tempera- 
ture, and transfers energy to or from 
mechanical work. The efficiency of the 


Carnot’s principle 


Carnot cycle is the maximum attainable 
in a heat engine. See Carnot’s principle. 


Carnot's principle (Carnot theorem) 
fThe efficiency of any heat engine 
cannot be greater than that of a rever- 
sible heat engine operating over the 
same temperature range. It follows 
directly from the second law of ther- 
modynamics, and means that all rever- 
sible heat engines have the same effi- 
ciency, independent of the working 
'substance. If heat is absorbed at 
temperature T, and given out at T;, then 
the Carnot efficiency is (T; - T2)/ T. 


Caro’s acid +See peroxosulphuric( VI) 
acid. 


carrier gas The gas used to carry the 
sample in gas chromatography. 


case hardening Processes for increasing 
the hardness of the surface or ‘case’ of 
the steel used to make such components 
as gears and crankshafts. The oldest 
method is carburizing, in which the 
carbon content of the surface layer is 
increased by heating in a carbon-rich 
environment. Nitriding involves the 
diffusion of nitrogen into the surface 
layer of steel forming intensely hard 
nitride particles in the structure. A 


combination of both carburizing and’ 


nitriding is sometimes employed. 


cast iron Alloys of iron and carbon 
made by temelting the crude iron 
Produced in a blast furnace. The carbon 
content is usually between 2.4 and 4.0% 
and may be: present as iron carbide 
(white cast iron) or as graphite (grey 
cast iron). Additional elements such as 
Phosphorus, sulphur, and manganese 
are also present as impurities. Cast iron 
is a cheap metal with an extensive range 
of possible properties and it has been 
used on a very large scale. 


catabolism +All the metabolic reactions 
that break down complex molecules to 
simpler compounds. The function of 
catabolic reactions is to provide energy. 
See also metabolism. 


catalyst A substance that alters the rate 
of a chemical reaction without itself 
being changed chemically in the reac- 
tion. The catalyst can, however, undergo 
physical change; for example, large 
lumps of catalyst can, without loss in 
mass, be converted into a powder. Small 
amounts of catalyst are often sufficient 
to increase the rate of reaction consider- 
ably. A positive catalyst increases the 
rate of a reaction and a negative catalyst 
reduces it. Homogencous catalysts are 
those that act in the same phase as the 
reactants (i.e. in gaseous and liquid 
systems). For example, nitrogen(1l) 
oxide gas will catalyse the reaction 
between sulphur(IV) oxide and oxygen 
in the gaseous phase. Heterogeneous 
catalysts act in a different phase from 
the reactants. For example, finely 
divided nickel (a solid) will catalyse the 
hydrogenation of oil (liquid). 
+The function of a catalyst is to provide 
a new pathway for which the rate- 
determining step has a lower activation 
energy than in the uncatalysed reaction. 
A catalyst does not change the products 
in an equilibrium reaction. and their 
concentration is identical to that in the 
uncatalysed reaction; i.e. the position of 
the equilibrium remains unchanged. The 
catalyst simply increases the rate at 
which equilibrium is attained. In auto- 
catalysis, one of the products of the 
reaction itself acts as a catalyst. In this 
lype of reaction the reaction rate 
increases with time to a maximum and 
finally slows down. For example, in the 
hydrolysis of ethyl acetate, the acetic 
acid produced catalyses the reaction. 


"catenation The formation of chains of 
atoms in molecules. 


cathode In electrolysis, the electrode that 
is at a negative potential with respect to 
the anode. In any electrical system, such 
as a discharge tube or electronic device, 
the cathode is the terminal at which 
electrons enter the system. 


cation A positively charged ion, formed 
by removal of electrons from atoms or 
molecules. In electrolysis, cations are 
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attracted to the negatively charged 
electrode (the cathode), Compare anion. 


cationic detergent +See detergent. 


caiionic resin An ion exchange material 
that can exchange cations, such as H* 
and Na*, for ions in the surrounding 
medium. Such resins are used for a wide 
range of purification and analytical 
purposes. , 
+They are often produced by adding a 
sulphonic acid group (-SOyH*) or a 
carboxylate group (-COO-H *) to a 
stable polyphenylethene resin. A typical 
exchange reaction is: 
rTesin-SO;H * + NaCl = 
resin-SO,"Na* + HCl 
They have been used to great effect to 
Separate mixtures of cations of similar 
size haying the same charge. Such 
mixtures can be attached to cationic 
resins and progressive elution will 
Tecover them in order of decreasing 
ionic radius. Promethium was first 
isolated using this technique. 
See also ion exchange. 


Caustic potash See potassium hydroxide. 
Caustic soda See sodium hydroxide. 


Celestine tA mineral sulphate of stron- 
tium, SrSO,. 


Cell A system having two plates (electro- 
des) in a conducting liquid (electrolyte). 
An electrolytic cell is used for producing 
a chemical reaction by passing a current 
through the electrolyte (i.e. by electroly- 
sis), A voltaic (or galvanic) cell produces 
an emf. by chemical reactions at each 
electrode, Electrons are transferred to or 
from the electrodes, giving each a net 
charge, 

There is a convention for writing cell 
reactions in voltaic cells. Thé Daniell 
Cell, for instance, consists of a zinc 
electrode in a solution of Zn?* ions 
connected (through a porous pot) to a 
Solution of Cu?* ions in which is placed 
à copper electrode, The reactions at the 
electrodes are 

Zn —> Zn?* + 2e 


cementite 


i.e. oxidation of the zinc to zinc(II), and 
Cu?* + 2e Cu 

i.e. reduction of copper(II) to copper. A 

cell reaction of this type is written: 
Zn|Zn'*(aq)| Cu?*(aq)| Cu 

The e.m.f. is the potential of a lead on 

the right minus the potential of a lead 

on the left. Copper is positive in this 

case and the e.m-f. of the cell is stated as 

+1.10 volts. See also accumulator, 

Daniell cell, electrolysis, Leclanché cell. 


cellulose A polysaccharide (C&H,0),, 
which is the main constituent of the cell 
walls of plants. It is obtained from wood 


pulp. 


cellulose acetate TA polymeric sub- 
stance made by acetylating cellulose. It 
is used in plastics, in acetate film, and in 
acetate rayon. 


cellulose nitrate (gun cotton, nitro- 
cellulose) A highly flammable substance 
made by treating cellulose with a nitric- 
sulphuric acid mixture. Cellulose nitrate 
is used in explosives. fIt is an ester of 
nitric acid (not a nitro compound). 


Celsius scale A temperature scale in 
which the temperature of melting pure 
ice is taken as 0? and the temperature of 
boiling water 100° (both at standard 
pressure). The degree Celsius (°C) is 
equal to the kelvin. This was known as 
the centigrade scale until 1948, when the 
present name became official. ¢Celsius’ 
original scale was inverted (i.e. had 0° as 
the steam temperature and 100° as the 
ice temperature). 

See also temperature scale. 


cement A powdered mixture of calcium 
silicates and aluminates, which is made 
by heating limestone (CaCOs) with clay, 
and grinding the result. When mixed 
with water reactions occur with the 
water (hence the name hydraulic 
cement), and a hard solid aluminosili- 
cate is formed. 


cementite (Fe,C) A constituent of 
certain cast irons and steels. The 
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centi- 


presence of cementite increases the 
hardness of the metal. 


centi- Symbol: c A prefix denoting 10-7, 
For example, 1 centimetre (cm) = 107? 
metre (m). 


centigrade scale See Celsius scale. 


centrifuge An apparatus for rotating a 
container at high speeds, used to increase 
the rate of sedimentation of suspensions, 
See also ultracentrifuge. 


centrifugal pump +A device commonly 
used for transporting fluids around a 
chemical plant. Centrifugal pumps 
usually have 6-12 blades rotating inside 
a fixed circular casing. As the blades 
rotate, the fluid is impelled out of the 
pump along a pipe. Centrifugal pumps 
do not produce high pressures but they 
have the advantage of being relatively 
cheap because they are simple in design, 
have no valves, and work at high speeds. 
In addition they are not damaged if a 
blockage develops. Compare displace- 
ment pump, 


ceramics Useful high-melting inorganic 
materials. Ceramics include silicates and 
aluminosilicates, refractory metal oxides, 
and metal nitrides, borides, etc. Pottery 
and porcelain are examples of ceramics 


cerium A ductile malleable silvery 
element of the lanthanoid series of 
metals. It occurs in association with 
other lanthanoids in many minerals, 
including monazite and bastnasite. 
Cerium is used in several alloys 
(especially for lighter flints), as a 
catalyst, and in compound form in 
carbon-arc searchlights, etc., and in the 
glass industry. 

Symbol: Ce; m.p. 799°C; b.p. 3430°C; 
r.d. 6.7; p.n. 58; r.a.m. 140.12. 


cerussite A naturally occurring form of 
lead(II) carbonate that is an important 
lead ore. It forms orthorhombic crystals 
and is often found together with galena 
(PbS). 
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€.g.S. system A system of units that uses 
the centimetre, the gram, and the second 
as the base mechanical units. Much 
early scientific work used this system, 
but it has now almost been abandoned. 


chain When two or more atoms form 
bonds with each other in a molecule, a 
chain of atoms results. This chain may 
be a straight chain, in which each atom 
is added to the end of the chain, or it 
may be a branched chain, in which the 
main chain of atoms has onc or more 
smaller side chains branching off it. 


chain reaction A self-sustaining chemi- 
cal reaction consisting of a series of 
steps, each of which is initiated by the 
one before it. An example is the reaction 
between hydrogen and chlorine: 
Ch + 2Cl- 

H: + Cl > HCl + H- 

H: + Ch > HCI + Cl- 
The first stage, chain initiation, is the 
dissociation of chlorine molecules into 
atoms; this is followed by two chain 
propagation reactions. Two molecules 
of hydrogen chloride are produced and 
the ejected chlorine atom is ready to 
react with more hydrogen. 
Tinduced nuclear fission reactions 
depend on chain reactions; the fission 
reaction is maintained by the two or 
three neutrons set free in each fission. 


chair conformation +Sce conformation. 
chalcogens Sce group VI elements, 


chalk A natural form of calcium carbon- 
ate (CaCO;) formed originally by 
marine organisms. (Blackboard chalk is 
calcium sulphate, CaSO,). 


Charcoal An amorphous form of carbon 
made by heating wood or other organic 
material in the absence of air. Activated 
charcoal is charcoal heated to drive off 
absorbed gas. It is used for absorbing 
gases and for removing impurities from 
liquids. 5 


Charles’ law For a given mass of gas at 
constant pressure, the volume increases 


by a constant fraction of the volume at 
0°C for each Celsius degree rise in 
temperature. The constant fraction (a) 
has almost the same value for all gases 
— about 1/273 — and Charles' law can 
be written in the form 

V= V1 + a) 
where V is the volume at temperature 
FC and Vo the volume at OC. The 
constant a, is the thermal expansivity of 
the gas. For an ideal gas its value is 
1/273.15, 
A similar relationship exists for the 
Pressure of a gas heated at constant 
volume: 

P= po(1 + að) 
Here, ap is the pressure coefficient. For 
an ideal gas 

Ap = Ay 
although they differ slightly for real 
gases. It follows from Charles’ law that 
for a gas heated at constant pressure, 
VWT=K 

where T is the thermodynamic tempera- 
ture and K is a constant. Similarly, at 
constant volume, p/ Tis a constant. 
Charles’ volume law is sometimes called 
Gay-Lussac's law after its independent 
discoverer. See also absolute tempera- 
ture, gas laws. 


chelate TA metal coordination complex 
in which one ligand coordinates at two 
Or more points to the same metal ion. 
The resulting complex contains rings of 
atoms that include the metal atom. An 
example of a chelating agent is 
1,2-diaminoethane (H;NCHCH:NH:), 
which can coordinate both its amine 
groups to the same atom. It is an exam- 
Ple of a bidentate ligand (having two 
teeth’), Edta, which can form up to six 
bonds, is another example of a chelating 
agent. The word chelate comes from the 
k word meaning ‘claw’. 


chemical bond A link between atoms 
that leads to an aggregate of sufficient 
Stability to be regarded as an indepen- 
dent molecular species. Chemical bonds 
include covalent bonds, electrovalent 
bonds, coordinate bonds, and metallic 
bonds. Some authors also include hydro- 
gen bonds and van der Waals forces. 


chloramine 


chemical combination, laws of A group 
of chemical laws developed during the 
late 18th and early 19th centuries, which 
arose from the recognition of the impor- 
tance of quantitative (as opposed to 
qualitative) study of chemical reactions. 
The laws are: 
(1) the law of conservation of mass 
(matter) (Lavoisier, 1774). 
(2) the law of constant (definite) propor- 
tions (Proust, 1799) 
(3) the law of multiple proportions 
(Dalton, 1804). 
These laws played a significant part in 
Dalton's development of his atomic 
theory (1808). See conservation of mass 
(law of), constant proportions (law of), 
multiple proportions (law of). 


chemical engineering The branch of 
engineering concerned with the design 
and maintenance of a chemical plant 
and its ability to withstand extremes of 
temperature and pressure, corrosion, 
and wear. It enables laboratory processes 
producing grams of material to be 
converted into a large-scale plant 
producing tonnes of material. Chemical 
engineers plan large-scale chemical 
processes by linking together the appro- 
priate unit processes and by studying 
such parameters as heat and mass 
transfer, separations, and distillations. 


chemisorption }See adsorption. 
Chile saltpetre See sodium nitrate, 


chiral centre An atom in a molecule ` 
that is attached to four different groups. 
See isomerism, optical activity. 

chirality The property of existing in left- 
and right-handed forms. In chemistry 
the term is applied to the existence of 
optical isomers. See isomerism, optical 
activity. 

chloral +See trichloroethanal. 

chloral hydrate {See trichloroethanal. 


chloramine (NHC!) +A colourless 
liquid made by reacting ammonia with 


AR 


chlorate 


sodium chlorate(I) (NaOCl). It is chlorination 1. Treatment with chlorine; 


formed as an intermediate in the produc- 
tion of hydrazine. Chloramine is 
unstable and changes explosively into 
ammonium chloride and nitrogen tri- 
chloride. 


chlorate A salt of a chloric acid. 


chloric(I) acid (hypochlorous acid, 
HCIO) A colourless liquid produced 
when chlorine is dissolved in water. It is 
a bleach and gives chlorine water its 
disinfectant properties. {To increase the 
yield of acid, the chlorine water can be 
shaken with a small amount of 
mercury(II) chloride. The Cl-O bond is 
broken more easily than the O-H bond 
in aqueous solution; the acid is 
consequently a poor proton donor and 
hence, a weak acid. 


chloric(III) acid (chlorous acid, HCIO;) 
A pale yellow liquid produced by 
reacting chlorine dioxide with water, It 
is a weak acid and oxidizing agent. 


chloric(V) acid (chloric acid, HCIO;) A 
colourless liquid with a pungent odour, 
formed by the action of dilute sulphuric 
acid on barium chlorate. It is a strong 
acid and has bleaching properties. 
TChloric(V) acid is'a strong oxidizing 
agent and in concentrated solution it 
will ignite ‘organic substances, such as 
Paper and sugar. 


chloric(VII) acid (perchloric acid, 
HCIO,) A colourless liquid that fumes 
Strongly in moist air. It is made by 
vacuum distillation of a mixture of 
potassium perchlorate and concentrated 
sulphuric acid. In contact with organic 
material it is dangerously explosive. 
}The hydrate (HCIO,.H;O) of chlor- 
ic( VII) acid is a white crystalline solid 
at room temperature and has an ionic 
lattice structure of the form (H30)* 
(CIO). 


chloric acid Sec chloric(V) acid. 
chloride See halide. 
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for instance, the use of chlorine to 
disinfect water. 
2. See halogenation. 


chlorine A green reactive gaseous 
element belonging to the halogens 
(group VII of the periodic table). It 
Occurs in sea-water, salt lakes, and 
underground deposits of halite, NaCl. It 
accounts for about 0.055% of the Earth's 
crust. Chlorine is strongly oxidizing and 
can only be liberated from its salts by 
strong oxidizing agents, such as man- 
ganese dioxide, potassium perman- 
ganate, or potassium dichromate; note 
that sulphuric acid is not sufficiently 
oxidizing to release chlorine from 
chlorides, Industrially, chlorine is 
prepared by the electrolysis of brine and 
in some processes chlorine is recovered 
by the high-temperature oxidation of 
waste hydrochloric acid. Chlorine is 
used in large quantities, both as the 
element, to produce chlorinated organic 
solvents, and for the production of 
polyvinyl chloride (PVC), the major 
thermoplastic in use today, and in the 
form of hypochlorites for bleaching. 
Chlorine reacts directly and often 
vigorously with many elements; it reacts 
explosively with hydrogen in sunlight to 
form hydrogen chloride, HCl, and 
combines with the electropositive 
elements to form metal chlorides. The 
metals of main groups I and II form 
ionic chlorides but an increase in the 
metal charge/size ratio leads to the 
chlorides becoming increasingly cov- 
alent. For example, CsCl is totally ionic, 
AICI; has a layer lattice, and TiCh is 
essentially covalent. The electronegative 
elements form volatile molecular chlori- 
des characterized by the single covalent 
bond to chlorine. With the exception of 
Pb?+, Ag*, and Hg;*, the ionic 
chlorides are soluble in water, dissolving 
to give the hydrated metal ion and the 
chloride ion CI". 
TChlorides of metals other than the 
most electropositive are hydrolysed if 
aqueous solutions are evaporated; for 
example, 

ZnCl; + H;0 > Zn(OH)CI + HCI 


FeCl; + 3H;0 5 Fe(OH); + 3HCI 
Chlorine forms four oxides, chlorine 
monoxide, Cl;O; chlorine dioxide, 
C103; chlorine hexoxide, ChOs and 
chlorine heptoxide, ClO»; all of which 
are highly reactive and explosive. 
Chlorine dioxide finds commercial 
application as an active oxidizing agent 
but because of its explosive nature it is 
usually diluted by air or other gases. 
The chloride ion is able to function as a 
ligand with a large variety of metal ions 
forming such species as |FeCL], 
[CuCLP", and [Co(NH;JCh]*. The 
formation of anionic chloro-complexes 
is applied to the separation of metals by 
anion-exchange methods. 

Because of the hydrolysis of many metal 
chlorides when solutions are evaporated, 
Special techniques must be used to 
prepare anhydrous chlorides. These are: 
(1) reaction of dry chlorine with the hot 
metal 
(2) reaction of dry hydrogen chloride 
with the hot metal (lower valencies) 
(3) reaction of dry hydrogen chloride on 
the hydrated chloride. ; 
The solubility of inorganic metal 
chlorides is such that they are not an 
environmental problem unless the metal 
lon itself is toxic but many organo- 
chlorine compounds are sufficiently 
Stable for the accumulated residues of 
chlorine containing pesticides to present 
a Severe problem in some areas. This 
arises because they can accumulate in 
food chains and concentrate in the 
tissues of higher animals. Chlorine and 
hydrogen chloride are both highly toxic. 
us chlorides that hydrolyse to release 
HCI should also be regarded as toxic. 
As organochlorine compounds are 
frequently even more toxic, they should 
Not be handled without gloves and 
Precautions should be taken against 
inhalation. 
Symbol: Cl; m.p. -103*C; b.p. -34.6°C; 
4.3214 kg m=; p.n. 17; a.m. 35.453. 


chlorine dioxide (CIO;) tAn orange gas 
formed by the action of concentrated 
Sulphuric acid on potassium chlorate. It 
is a powerful oxidizing agent and its 
explosive properties in the presence of a 


chloroethanoic acid 


reducing agent were used to make one 
of the first matches. It is widely used in 
the purification of water and as a bleach 
in the flour and wood pulp industry, On 
an industrial scale an aqueous solution 
of chlorine dioxide is made by passing 
nitrogen dioxide up a tower packed with 
a fused mixture of aluminium oxide and 
clay, down which a solution of sodium 
chlorate flows. 


chlorine monoxide +See dichlorine 
oxide. 


chlorite A chlorate(III) salt; i.e. a salt of 
chloric(III) acid (chiorous acid). 


chloroacetic acid +See chloroethanoic 
acid. 


chlorobenzene (monochlorobenzene, 
C;HCI) TA colourless liquid made by 
the catalytic reaction of chlorine with 
benzene. It can be converted to phenol 
by reaction with sodium hydroxide 
under extreme conditions (300°C and 
200 atmospheres pressure). It is also 
used in the manufacture of other organic 
compounds. 


2-chlorobuta-1,3-diene (chloroprene, 
H;C:CH.CCI:CH;) fA colourless liquid 
derivative of butadiene used in the 
manufacture of neoprene rubber. 


chloroethane (ethyl chloride, C,H;Cl) 
A gaseous compound made by the 
addition of hydrogen chloride to ethene. 
It is used as a refrigerant and a local 
anaesthetic. 


chloroethanoic acid (chloroacetic acid, 
CH;CICOOH) fA colourless crystalline 
solid made by substituting one of the 
hydrogen atoms of the methyl group of 
ethanoic acid with chlorine, using red 
phosphorus. It is a stronger acid than 
ethanoic acid because of the electron- 
withdrawing effect of the chlorine atom. 
Dichloroethanoic acid (dichloroacetic 
acid, CHCl,COOH) and trichloroc- 
thanoic acid (trichloroacetic acid, 
CCLCOOH) are made in the same way. 
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chloroethene 


The acid strength increases with the 
number of chlorine atoms present. 


chloroethene (vinyl chloride, H;C:- 
CHCl) A gaseous organic compound 
used in the manufacture of PVC 
(polyvinyl chloride). t Vinyl chloride is 
manufactured by the reaction between 
ethyne and hydrogen chloride using a 
mercury chloride catalyst: 

C;H; + HCl > H;C:CHCI 
An alternative source, making use of the 
ready supply of ethene, is via dich- 
loroethane: 
H3C:CH; + Ch 2 CH;CLCH;CI > 
H3C:CHCI 


chloroform See trichloroethane. 


chloromethane (methyl chloride, 
CH;Cl) A colourless gaseous compound 
made by the chlorination of methane. It 
is used as a refrigerant and local 
anaesthetic. E 
chloroplatinic acid (platinic chloride, 
H;PtCh) fA reddish compound pre- 
pared by dissolving platinum in aqua 
regia. When crystallized from the resul- 
ting solution, crystals of the hexahydrate 
(H;PtCl.6H;O) are obtained. The 
crystals are needle-shaped and deli- 
Quesce on exposure to moist air. Chloro- 
platinic acid is a relatively strong acid, 


giving rise to the family of chloro- 
platinates, 


chloroprene 


tSee 
1,3-diene. 


2-chlorobuta- 


chlorous acid See chloric(III) acid. 


chromatography A technique used to 
Separate or analyse complex mixtures. A 
number of related techniques exist; the 
most important are column chromato- 
graphy, paper chromatography, thin- 
layer chromatography, gas chromato- 
graphy, and ion exchange. These chro- 
matographic techniques require a sample 
to be placed at one end of a column of a 
solid or a liquid, which is held on an 
inert packing material. Tnese columns 
are known as the stationary phase. A 
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liquid or a gas, known as the mobile 
phase, is passed through the column. 
The components of the sample will 
dissolve in, and be carried along by, the 
mobile phase. Some of the components, 
however, will tend to cling to the 
stationary phase more than others and 
their progress through the column will 
be slower. The mixture will separate as 
the solvent moves through the stationary 
phase. In chromatography used for 
purification, separated: components are 
collected as they emerge from the end of 
the column. For analysis purposes, 
however, the different components can 
often be identified simply by comparing 
their rate of progress through the column 
with that of known standards. 
TComponents of the mixture are held 
back by the stationary phase either by 
adsorption (e.g. on the surface of 
alumina) or because they dissolve in it 
(e.g. in the moisture within chromato- 
graphy paper). See partition law. 


chrome alum +See alum. 


chromic anhydride See chromium(VI) 
oxide. 


chromic oxide See chromium(III) oxide. 


chromium A transition metal that occurs 
naturally as chromite (FeO.Cr;O;), large 
deposits of which are found in 
Zimbabwe, The ore is converted into 
sodium dichromate(VI) and then redu- 
ced with carbon to chromium(III) oxide 
and finally to metallic chromium with 
aluminium. Chromium is used in strong 
alloy steels and stainless steel and for 
plating articles. It is a hard silvery metal 
that resists corrosion at normal tempera- 
tures. It reacts slowly with dilute hydro- 
chloric and sulphuric acids to give 
hydrogen and blue chromium(II) com- 
pounds, which quickly oxidize in air to 
green chromium(III) ions. The oxi- 
dation states are +6 in chromates 
(CrO;-) and dichromates (Cr:0;?"), 
+3 (the most stable), and +2. In acidic 
Solutions the yellow chromate(VI) ion 
changes to the orange dichromate(V1) 
ion. Dichromates are used as oxidizing 


agents in the laboratory; for example < 
a test for sulphur dioxide and to oxidize 
alcohols. 

Symbol: Cr; m.p. 1900°C; b.p. 2640°C; 
r.d. 7.19; p.n. 24; r.a.m. 52.00. 


chromium(II) oxide (chromous oxide, 
CrO) tA black powder prepared by the 
Oxidation of chromium amalgam with 
dilute nitric acid. At high temperatures 
(around 1000°C) chromium(II) oxide is 
reduced by hydrogen. 


chromium(III) oxide (chromic oxide, 
chromium sesquioxide, Cr;O;) tA green 
Powder that is almost insoluble in water. 
It is isomorphous with iron(II) oxide 
and aluminium(III) oxide. Chrom- 
ium(III) oxide is prepared by gently 
heating chromium(III) hydroxide or by 
heating ammonium dichromate. Alter- 
native preparations include the heating 
of a mixture of ammonium chloride and 
Potassium dichromate or the decom- 
Position of chromyl chloride by passing 
it through a red hot tube. Chro- 
mium(III) oxide is used as a pigment in 
the paint and glass industries. 


chromium(IV) oxide (chromium diox- 
ide, CrO;) fA black solid prepared by 
heating chromium(III) hydroxide in 
Oxygen at a temperature of 300°-350°C. 
Chromium(IV) oxide is very unstable. 


Chromium(VI) oxide (chromium tri- 
Oxide, chromic anhydride, CrO;) +A red 
Crystalline solid formed when concen- 
trated sulphuric acid is added to a cold 
Saturated solution of potassium dichro- 
mate. The long prismatic needle-shaped 
crystals that are produced are extremely 
deliquescent. Chromium(VI) oxide is 
Teadily soluble in water, forming a 
Solution that contains several of the 
Polychromic acids. On heating it decom- 
Poses to give chromium(III) oxide. 

romium(VI) oxide is used as an 
Cxidizing reagent. 


chromophore A group of atoms in a 
Molecule that is responsible for the 
Colour of the compound. 
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Claisen condensation 


chromous oxide See chromium(II) 
oxide. 


chromyl chloride, (CrO;Cl) tA dark 
red covalent liquid prepared either by 
distilling a dry mixture of potassium 
dichromate and sodium chloride with 
concentrated sulphuric acid or by the 
action of concentrated sulphuric acid on 
chromium(VI) oxide dissolved in con- 
centrated hydrochloric acid. Chromyl 
chloride is hydrolysed by water and 
with solutions of alkalis it undergoes 
immediate hydrolysis to produce chro- 
mate«ions. It is used as an oxidizing 
agent in organic chemistry. Chromyl 
chloride oxidizes methyl groups at the 
ends of aromatic side chains to aldehyde 
groupings (Étard's reaction). 


cinnabar A red mineral form of 
mercury(II) sulphide. It is the principal 
ore of mercury. 


cis- Designating an isomer with groups 
that are adjacent. See isomerism, 


cis-trans isomerism See isomerism. 


citric acid A white crystalline carboxylic. 
acid important in plant and animal cells 
It is present in many fruits, +The 
systematic name is 2-hydroxyprop- 
ane-1,2,3-tricarboxylic acid. The formula 


is: 
HO;CCH:C(OH)(CO:H)CH;CO;H 


Claisen condensation fA reaction in 
which two molecules of ester combine 
to give a keto-ester — a compound 
containing a ketone group and an ester 
group. The reaction is base catalysed by 
sodium ethoxide; the reaction of ethyl 
ethanoate refluxed with sodium ethoxide 
gives: 

2CH;.CO.OGHH; > 

CH;.CO.CH;.CO.OC;H; + C;H:OH 
The mechanism is similar to that of the 
aldol reaction, the first step being 
formation of a carbanion from the ester; 
CH;COGHH; + 'OCHH; > 
"CH;COC;H; + C;H;OH 

This attacks the carbon atom of the 
carbonyl group on the other ester 


Clark cell 


molecule, forming an intermediate anion 
that decomposes to the keto-ester and 
the ethanoate ion. 


Clark cell +A type of cell formerly used 
as a standard source of e.m.f. It consists 
of a mercury cathode coated with 
mercury sulphate, and a zinc anode. The 
electrolyte is zinc sulphate solution. The 
e.m.f. produced is 1.4345 volts at 15°C. 
The Clark cell has been superseded as a 
standard by the Weston cadmium cell. 


clathrate (enclosure compound) +A 
substance in which small (guest) mole- 
cules are trapped within the lattice of a 
crystalline (host) compound. Clathrates 
are formed when suitable host com- 
pounds are crystallized in the presence 
of molecules of the appropriate size. 
Although the term ‘clathrate compound" 
is often used, they are not true 
compounds; no chemical bonds are 
formed, and the guest molecules interact 
by weak van der Waals forces. The 
clathrate is maintained by the cagelike 
lattice of the host. The host lattice must 
be broken down, for example, by heating 
or dissolution in order to release the 
guest. This should be. compared with 
zeolites, in which the holes in the host 
lattice are large enough to permit 
entrance or emergence of the guest 
without breaking bonds in the host 
lattice. Quinol forms many clathrates, 
eg. with SO: water (ice) forms a 
clathrate with xenon. 


cleavage The splitting of a crystal along 
planes of atoms, to form smooth 
surfaces. 


close packing The arrangement of parti- 
cles (usually atoms) in crystalline solids 
in which each particle has 12 nearest 
neighbours: six in the same layer (or 
plane) as itself and three each in the 
layer above and below. This arran- 
gement provides the most economical 
use of space. The two principal types 
are cubic close packing and hexagonal 
close packing. 
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coagulation The association of particles 
(e.g. in colloids) into clusters. 


coal tar Tar produced by heating coal in 
the absence of oxygen. It is a mixture of 
many organic compounds (e.g. benzene, 
toluene, and naphthalene) and also 
contains free carbon. 


cobalt A transition metal occurring in 
Canada in association with nickel. It is 
used in alloys for magnets, cutting tools, 
and electrical heating elements. 
Symbol: Co; m.p. 1495°C; b.p. 2880°C; 
r.d. 8.9; p.n. 27; r.a.m. 58.93. 


cobaltic oxide +See cobalt(III) oxide. 
cobaltous oxide +See cobalt(II) oxide. 


cobalt(II) oxide (cobaltous oxide, CoO) 
TA green powder prepared by the action 
of heat on cobalt(II) hydroxide in the 
absence of air. Alternatively it may be 
prepared by the thermal decomposition 
of cobalt(II) sulphate, nitrate, or carbon- 
ate, also in the absence of air. Cobalt(II) 
oxide is a basic oxide, reacting with 
acids to give solutions of cobalt(II) 
salts. It is stable in air up to temperatures 
of around 600°C, after which it absorbs 
oxygen to form tricobalt tetroxide. 
Cobalt(II) oxide can be reduced to 
cobalt by heating in a stream of carbon 
monoxide or hydrogen. It is used in the 
pottery industry and in the production 
of vitreous enamels. 


cobalt(III) oxide (cobaltic oxide, 
Co;0;) +A dark grey powder formed by 
the thermal decomposition of either 
cobalt(II) nitrate or carbonate in air. If 
heated in air, cobalt(III) oxide under- 
goes further oxidation to give tricobalt 
tetroxide, Co,O,. 


coenzymes Small organic molecules 
(compared to the size of an enzyme) 
that enable enzymes to carry out their 
catalytic activity. Examples include 
nicotinamide adenine dinucleotide 
(NAD) and ubiquinone (coenzyme Q). 
Some coenzymes are capable of cataly- 
sing» reactions in the absence of an 


enzyme but the rate of reaction is never 
as high as when a catalyst is present. A 
coenzyme is not a true catalyst as it 
undergoes chemical change during the 
reaction. 


coherent units tA system or sub-set of 
units (e.g. SI units) in which the derived 
units are obtained by multiplying or 
dividing together base units, with no 
numerical factor involved. 


coinage metals +A group of malleable 
metals forming a subgroup of group I of 
the periodic table. The metals all have 
an outer s! electronic configuration but 
they differ from the alkali metals (also 
outer s') in having inner d-electrons. 
They are copper (Cu), silver (Ag), and 
gold (Au). The coinage metals all have 
much higher ionization potentials than 
the alkali metals and high positive stan- 
dard electrode potentials and are there- 
fore much more difficult to oxidize. A 
further significant difference from the 
alkali metals is the variety of oxidation 
states observed for the coinage metals. 
Thus copper in aqueous chemistry is the 
familiar (hydrated) blue divalent Cu* 
ion but colourless copper(1) compounds 
can be prepared with groups that 
stabilize low valencies such as CN’, €g. 
CuCN. A few compounds of copper(II) 
have also been prepared, The common 
form of silver is Ag(1), eg. AgNO), with 
a few Ag(1I) compounds stable in the 
solid only. The most common oxidation 
State of gold is Au(11I), although cyanide 
ion again stabilizes Au(1) compounds, 
€. [Au(CN),]-. The metals all form a 
large number of coordination. com- 
Pounds (unlike group IA) and are 
generally treated with the other elements 
Of the appropriate transition series. 


Colligative properties A group of 
Properties of solutions that depends on 
the number of particles present, rather 
than the nature of the particles. 
Colligative properties include: 

(1) The lowering of vapour pressure. 
(2) The elevation of boiling point. 
(3) The lowering of freezing point. 
(4) Osmotic pressure. 


column chromatography 


iColligative properties are all based 
upon empirical observation. The explan- 
ation of these closely related phenomena 
depends on intermolecular forces and 
the kinetic behaviour of the particles, 
which is qualitatively similar to those 
used in deriving the kinetic theory of 
gases. 


collimator tAn arrangement for pro- 
ducing a parallel beam of radiation for 
use in a spectrometer or other 
instrument, A system of lenses and slits 
is utilized. 


colloid A heterogeneous system in which 
the interfaces between phases, though 
not visibly apparent, are important 
factors in determining the system 
properties. The three important. attri- 
butes of colloids are: 
(1) They contain particles, commonly 
made up of large numbers of molecules, 
forming the distinctive unit or disperse 
phase. 
(2) The particles are distributed in a 
continuous medium (the continuous 
phase). 
(3) There is a stabilizing agent, which 
has an affinity for both the particle and 
the medium; in many cases the stabilizer 
is a polar group. 
Particles in the disperse phase typically 
have diameters in the range 10:*-107* 
mm. Milk, rubber, and emulsion paints 
are typical examples of colloids. See 
also sol. 


colorimetric analysis +Quantitative 
analysis in which the concentration of a 
coloured solute is measured by the 
intensity of the colour. The test solution: 
can be compared against standard 
solutions. 


columbium +The former name (in the 
US) for niobium. 


column chromatography A technique 
widely used for the separation of 
mixtures of neutral substances with 
similar chemical and physical proper- 
ties. Column chromatography employs. 
a solid stationary phase, such as alumina 


combustion 


or silica gel, packed in a vertical tube. 
The sample mixture is poured in at the 
top and one or more of its components 
become attached to the solid phase. 
These adsorbed fractions can.be washed 
off the column and collected by using an 
appropriate solvent. 

TAlumina, which has been activated by 
heating to remove adsorbed gases, is a 
strongly polar substance and the ease 
with which fractions can be removed 
from the column will depend on the 
polarity of their molecules. Careful 
choice of the solvent (eluent) used for 
the washing will allow the fractions to 
be selectively removed from the column. 
A non-polar solvent is used initially and 
is gradually replaced by a more polar 
solvent. 

Compare thin-layer chromatography. 


combustion A reaction with oxygen with 
the production of heat and light. The 
combustion of solids and liquids occurs 
when they release flammable vapour, 
which reacts with oxygen in the gas 
phase. {Combustion reactions usually 
involve a complex sequence of free- 
radical chain reactions. The light is 
Produced by excited atoms, molecules, 
or ions. In highly luminous flames it 
comes from small incandescent particles 
of carbon. 
Sometimes the term is also applied to 
slow reactions with Oxygen, and also to 
reactions with other gases (for example, 
certain metals ‘burn’ in chlorine). 


Common salt See sodium chloride, 


Complex A type of compound in which 
„Molecules or ions form coordinate bonds 
With a metal atom cr ion. The coor- 
dinating species (called ligands) have 
lone pairs of electrons, which they can 
donate to the metal atom or ion. They 
are molecules such as ammonia or water, 
Or negative ions-such as Cl- or CN-. 
The resulting complex may be neutral 
Ed it may be a complex ion. For exam- 
ple: 
Cu?* + ANH; > [Cu(NH;)?* 
Fe!* + 6CN > — [Fe(CN),}3- 
Fe?* + 6CN- > [Fe(CN),]*- 
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TThe formation of such coordination 
complexes is typical of transition metals. 
Often the complexes contain unpaired 
electrons and are paramagnetic and 
coloured. See also chelate. 


component One of the separate chemi- 
cal substances in a mixture in which no 
chemical reactions are taking place. For 
example, a mixture of ice and water has 
one component; a mixture of nitrogen 
and oxygen has two components. When 
chemical reactions occur between the 
substances in a mixture, the number of 
componenis is defined as the number of 
chemical substances present minus the 
number of equilibrium reactions taking 
place. Thus, the system: N; + 3H; = 
2NH; is a two-component system. See 
also phase rule. 


compound A chemical combination of 
atoms of different elements to form a 
substance in which the ratio of combin- 
ing atoms remain fixed and is specific to 
that substance. The constituent atoms 
cannot be separated by Physical means; 
a chemical reaction is required for the 
compounds to be formed or to change. 
+The existence of a compound does not 
necessarily imply that it is stable, Many 
compounds have lifetimes of less than a 
second. : 
See also mixture. 


concentrated Denoting a solution in 
which the amount of solute in the solvent 
is relatively high. The term is always 
relative; for example, whereas concen- 
trated sulphuric acid may contain 96% 
H,SO,, concentrated Potassium chlorate 
may contain as little as 10% KCIO;. 
Compare dilute, 


x 

Concentration The amount of substance 
per unit volume in a solution. The unit 
is the mol dm“, Mass concentration is 
mass of solute per unit volume. Molal 
concentration is amount of substance 
Per kilogram of solute. 


condensation The conversion of a gas or 
vapour into a liquid or solid by cooling. 


conductiometric titration 


-Xz 
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square-planar 


tetrahedral 


trigonal-bipyramid 


Shapes of complexes 


condensation polymerization Sce poly- 
merization. 


Condensation reaction A reaction in 
Which addition of two molecules occurs 
followed by elimination of a smaller 
molecule, usually water. {Condensation 
reactions (addition-elimination reac- 
tions) are characteristic of aldehydes 
and ketones reacting with a range of 
nucleophiles. There is typically nucleo- 
philic addition at the C atom of the 
carbonyl group followed by elimination 
of water. 


conductiometric titration +A titration 
in which measurement of the electrical 
conductance is made continuously 
throughout the addition of the titrant 
and well beyond the equivalence point. 
This is in place of traditional end-point 
determination by indicators. The opera- 
ticn is carried out in a conductance cell, 
which is part of a resistance bridge 
circuit. The method depends on the fact 
that ions have different ionic mobilities, 
H* and OH- having particularly high 
values. The method is especially useful 
for weak acid-strong base and strong 
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configuration 


Condensation reactions with aldehydes and ketones 


nucleophile product name 
NH, R 
ammonia RES cH NH, hydroxy amine 
| 
OH 
HjNNH; R 
hydrazine C-N—NH, hydrazone 
R^ 
CH; NH NH. 
RE 2 Ry 7” 
phenyl hydrazine 27 C=N —N phenyl hydrazone 
R 
C.H, 


HONH, 


hydroxlamine RY N JOH 


4 
oxime 


In the above the reactant is RCOR 


acid-weak base titrations for which 
colour-change titrations are unreliable, 


configuration 1. The arrangement of 
electrons about the nucleus of an atom. 
*Configurations are represented by 
symbols, which contain: 
(1) An integer, which is the value of the 
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Principal quantum number (shell num- 
ber). 


(2) A lower-case letter representing the 
value of the azimuthal quantum number 
(1), Le. 

5 means | = 0, p means | = 1, 

d means! = 2, f means | = 3, 
(3) A numerical Superscript giving the 


number of electrons in that particular 
set; for example, 1s?, 2p?, 3d*. 

The ground state electronic configura- 
tion (i.e. the most stable or lowest 
energy state) may then be represented as 
follows, for example, He, 1s N, 
1s?25?2p*. These are identical to the 
'electron box' models, which are often 
met. However, elements are commonly 
abbreviated by using an inert gas to 
represent the ‘core’, e.g. Zr, [Kr]4d/5s?. 

2. The arrangement of atoms or groups 
ina molecule. 


conformation +A particular shape of 
molecule that arises through the normal 


Totation of its atoms or groups about 
single bonds. Any of the possible confor- 


p 


chair conformation 


conjugated 


mations that may be produced is called 
a conformer, and there will be an infinite 
number of these possibilities, differing 
in the angle between certain atoms or 
groups on adjacent carbon atoms. 


conjugate acid 1See acid. 
conjugate base 1See base. 


conjugated Describing compounds that 
have alternating double and single bonds 
in their structure. But-1,3-ene (HiC:- 
CHCH:CH;) is a conjugated compound. 
fin such compounds there is delo- 
calization of the electrons in the double 
bonds, 


Saec 


boat conformation 


Conformations of cyclohexane 


X 


eclipsed 


Conformations for rotation about 


staggered 


gauche 


a single bond 


Conformations 
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conservation of energy, law of 


conservation of energy, law of Enun- 
ciated by Helmholtz in 1847, this law 
states that in all processes occurring in 
an isolated system the energy of the 
system remains constant. The law does 
of course permit energy to be converted 
from one form to another. 


conservation of mass, law of For- 
mulated by Lavoisier in 1774, this law 


states that matter cannot be created or’ 


destroyed. Thus in a chemical reaction 
the total mass of the products equals the 
total mass of the reactants (the term 
‘mass’ must include any solids, liquids, 
and gases — including air — that parti- 
cipate). 


Constantan (Trademark) A copper- 
nickel (cupronickel) alloy containing 
45% nickel. It has a high electrical 
resistivity and very low temperature 
coefficient of resistance and is therefore 
used in thermocouples and resistors. 


constant-boiling mixture A general 
observation for most liquids is that the 
vapour phase above a liquid is richer in 
the more volatile component (deviation 
from Raoult’s law). Consequently most 
liquid mixtures show a regular increase 
in the boiling point as the liquid is 
progressively distilled. The boiling 
point-composition curve shows that 
distillation of the liquid of composition 
L, gives a vapour richer in A and 
represented by composition V,. Further 
distillation leads to the liquid composi- 


tion moving towards B. For certain 
mixtures in which there are strong inter- 
molecular attractions the boiling point- 
composition curves show minima or 
maxima. Fractional distillation of the 
former leads to initial changes in the 
vapour until a distillate of composition 
Lz is reached at which point a constant 
boiling mixture or azeotrope distils over. 
Further attempts to fractionate the 
distillate do not lead to a change in 
composition. An example of an azeo- 
tropic mixture of minimum boiling point 
is water (b.p. 100°C) and ethanol (b.p. 
78.3*C), the azeotrope being 4.4% water 
and boiling at 78.1°C. 

Mixtures that display a maximum in the 
boiling point-composition curve can 
lead to initial separation of pure A on 
fractionation but as the composition of 
the liquid moves towards B and reaches 
the maximum, a constant boiling 
mixture L is reached that will distil over 
unchanged. An example of an azeo- 
tropic mixture of maximum boiling point 
is water (b.p. 100°C) and hydrogen 
chloride (b.p. -80°C), the azeotrope 
being 80% water and boiling at 108.6°C. 
See also azeotrope. 


constant composition, law of See 
constant proportions, law of. 


constant proportions, law of Fcr- 
mulated by Proust in 1779 after the 
analysis of a large number of com- 
pounds, the principle that the propor- 
tion of each element in a compound is 


e e e 
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Composition 


Composition 


Constant — boiling mixtures 
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fixed or constant. It follows that the 
composition of a pure chemical com- 
pound is independent of the method of 
Preparation. It is also called the law of 
definite proportions and the law of 
constant composition. 


contact process An industrial process 
for the manufacture of sulphuric acid. 
Sulphur(IV) oxide and air are passed 
over a heated catalyst (vanadium(V) 
oxide or platinum) and sulphur(VI) 
oxide is produced: 

2S0: + O: > 280; 
The sulphur(VI) oxide is dissolved in 
sulphuric acid 
SO; + H:S0; > H:S:07 

The resulting oleum is diluted to give 
sulphuric acid. 


continuous phase {See colloid. 


continuous process A manufacturing 
Process in which the raw materials are 
constantly fed into the plant. These 
Teact as they flow through the equip- 
ment to give a continuing flow of 
Product. At any point, only. a small 
amount of material is at a particular 
Stage in ihe process but material at all 
Stages of the reaction is present. The 
fractional distillation of crude oil is an 
example of a continuous process. Such 
Processes are relatively easy to automate 
and can therefore manufacture a product 
Cheaply, The disadvartages of continu- 
Ous processing are that it usually caters 
for a large demand and the plant is 
€xpensive to install and cannot normally 
used to make other things. Compare 
batch process, 


Continuous spectrum A spectrum 
Composed of a continuous range of 
emitted or absorbed radiation. Continu- 
Qus spectra are produced in the infrared 
and visible regions by hot solids. See 
also spectrum. 


coordinate bond (dative bond) A 
Rael bond in which the bonding pair 
E visualized as arising from the donation 
eats lone Pair from one species to 

er species, which behaves as an 
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copper 


electron acceptor. The definition inclu- 
des such examples as the ‘donation’ of 
the lone pair of the ammonia molecule 
to H* (an acceptor) to form NH,* or 
to Cu?* to form [Cu(NH3).}*. 

+The donor groups are known as Lewis 
bases and the acceptors are either 
hydrogen ioris or Lewis acids. Simple 
combinations, such as HjN—BF;, are 
known as adducts. 


coordination number The number of 
coordinate bonds formed to a metal 
atom or ion in a complex. 


copolymerization See polymerization. 


copper A transition metal occurring in 
nature principally as the sulphide. It is 
extracted by roasting the ore in a 
controlled air supply and purified by 
electrolysis of copper(II) sulphate 
solution using impure copper as the 
anode and pure copper as the cathode. 
Copper is used in electrical wires and in 
such alloys as brass and bronze. 
The metal itself is golden in colour; 
copper(I) compounds are white (except 
the oxide, which is red), and copper(II) 
compounds are blue in solution. Copper 
is unreactive to dilute acids (except 
nitric acid). Copper(I) compounds are 
unstable in solution and decompose to 
copper and copper(II) ions. Both 
copper(I) and copper(II) ions form 
complexes, copper(II) ions being identi- 
fied by the dark blue complex. 
[Cu(NH;)]* formed with excess 
ammonia solution. 
Symbol: Cu; m.p. 1083°C; b.p. 2582°C; 
r.d. 8.9; p.n. 29; r.a.m. 63.55. 


copper(I) chloride (cuprous chloride, 
CuCl) A white solid, insoluble in water, 
prepared by heating copper(I) chloride 
in concentrated hydrochloric acid with 
excess copper turnings. When the 
solution is colourless, it is poured into 
air-free water (or water containing 
sulphur(IV) oxide) and a white pre- 
cipitate of copper(I) chloride is obtai- 
ned. On exposure to air this precipitate 
turns green due to the formation of 
basic copper(II) chloride. Copper(1) 


copper 


chloride absorbs carbon monoxide gas. 
It is used as a catalyst in the rubber 
industry. +The chloride is essentially 
covalent in structure. In the vapour 
phase both dimeric and trimeric forms 
exist. It is used in organic chemistry in 
the Sandmeyer reactions. 


copper(II) chloride (cupric chloride, 
CuCl) A compound prepared by 
dissolving excess copper(II) oxide or 
copper(II) carbonate in dilute hydro- 
chloric acid. On crystallization, emerald 
green crystals of the dihydrate (CuCl;.2- 
H;O) are obtained. The anhydrous 
chloride may be prepared as a brown 
Solid by burning copper in excess 
chlorine. Alternatively the dihydrate 
may be dehydrated using concentrated 
sulphuric acid. Dilute solutions of 
copper(II) chloride are blue, concen- 
trated solutions are green, and solutions 
in the presence of excess hydrochloric 
acid are yellow. 


copper(II) nitrate (cupric nitrate, 
Cu(NO;);) A compound prepared by 
dissolving either excess copper(II) oxide 
or copper(II) carbonate in dilute nitric 
acid. On crystallization, deep blue 
crystals of the trihydrate (Cu(NO;);.3- 
H,O) are obtained. The crystals are 
prismatic in shape and are extremely 
deliquescent. On heating, copper(II) 
nitrate decomposes to give copper(II) 
oxide, nitrogen(IV) oxide, and oxygen. 
+The white anhydrous salt is prepared 
by adding a solution of dinitrogen 
pentoxide in nitric acid to crystals of the 
trihydrate, 


copper(I) oxide (cuprous oxide, CuO) 
An insoluble red powder Prepared by 
the heating of copper with copper(II) 
oxide or the reduction of an alkaline 
solution of copper(II) sulphate. Cop- 
per(I) oxide is easily reduced by hydro- 
gen when heated; it is oxidized to 
copper(II) oxide when heated in air. It 
is used in the glass industry. fCopper(1) 
oxide oes disproportionation in 
acid solutions, producing copper(II) 
tons and copper. The oxide will dissolve 
in concentrated hydrochloric acid due to 


the formation of the complex ion 
[CuCl;]-. Copper(I) oxide is a covalent 
solid. 


copper(II) oxide (cupric oxide, CuO) 
A black solid prepared by the action of 
heat on copper(II) nitrate, hydroxide, or 
carbonate. It is a basic oxide and reacts 
with dilute acids to form solutions of 
copper(II) salts. Copper(II) oxide can 
be reduced to copper by heating in a 
stream of hydrogen or carbon monoxide. 
It can also be reduced by mixing with 
carbon and heating the mixture. 
tCopper(II) oxide is stable up to its 
melting point, after which it decom- 
Poses to give oxygen, copper(I) oxide, 
and eventually copper. 


copper(II) sulphate (cupric sulphate, 
CuSO,) A compound prepared as the 
hydrate by the action of dilute sulphuric 
acid on copper(II) oxide or copper(II) 
carbonate. On crystallization, blue 
triclinic crystals of the pentahydrate 
(CuSO..5H;O) are formed. Industrially 
copper(II) sulphate is prepared by 
passing air through a hot mixture of 
dilute sulphuric acid 'and Scrap copper. 
The solution formed is recycled until 
the concentration. of the copper(II) 
sulphate is sufficient. Copper(II) sul- 
phate is readily soluble in water. The 
monohydrate (| CuSO,.H;0) is formed at 
100°C and the anhydrous salt at 250°C. 
Anhydrous copper(II) sulphate is white; 
it is extremely hygroscopic and turns 
blue on absorption of water, It decom- 
Poses on heating to give copper(II) 
oxide and sulphur( VI) oxide. 
Copper(II) sulphate is used as a wood 
preservative, a fungicide (in Bordeaux 
mixture), and in the dyeing and electro- 
plating industries. 


corn rule +See optical activity. 


corrosion Reaction of a metal with an 
acid, oxygen, or other compound with 
destruction of the surface of the metal. 
Rusting is a common form of corrosion. 


corundum (emery, Al,0;) A naturally 
Occurring form of aluminium oxide that 


sometimes contains small amounts of 
iron and silicon(IV) oxide. Ruby and 
sapphire are impure crystalline forms. It 
is used in various polishes, abrasives, 
and grinding wheels. 


coulomb Symbol: C The SI unit of 

electric charge, equal to the charge 

transported by an electric current of one 

ampere flowing for one second. 1 C = 1 
s. 


coulombmeter +See voltameter. 


coupling A chemical reaction in which 
two groups or molecules join together. 
fAn example is the formation of azo 
compounds. 


Covalent bond A bond formed by the 
sharing of an electron pair between two 
atoms. The covalent bond is conven- 
tionaily represented as a line, thus H-Cl 
indicates that between the hydrogen 
atom and the chlorine atom there is an 
electron pair formed by electrons of 
Opposite spin and implying that the 
binding forces are strongly localized 
between the two atoms. Molecules are 
Combinations of atoms bound together 
by covalent bonds; covalent binding 
energies are of the order 10? kJ mol:'. 
tModern bonding theory treats the 
electron pairing in terms of the interac- 
lion cf electron (atomic) orbitals and 
describes the covalent bond in terms of 
both ‘bonding’ and ‘anti-bonding’ mole- 
cular orbitals. 


Covalent crystal A crystal in which the 
Atoms present are covalently bonded. 
y are sometimes referred to as giant 
lattices or macromolecules. The com- 


Monest completely covalent crystal is 
diamond, 


Covalent radius The radius an atom is 
assumed to have when involved in a 
covalent bond. For homonuclear dia- 
emie molecules (e.g. Cl;) this is simply 
E If the measured internuclear distance. 
at heteroatomic molecules substi- 
the na! methods are used. For example, 

* internuclear distance of bromine 
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cryoscopic constant 


fluoride (BrF) is about 180 pm, there- 
fore using 71 pm for the covalent radius 
of fluorine (from Fz) we get 109 pm for 
bromine. The accepted value is 114 pm. 


cresols +See methylphenols. 


critical point The conditions of tempera- 
ture and pressure under which a liquid 
being heated in a closed vessel becomes 
indistinguishable from the gas or vapour 
phase. At temperatures below the criti- 
cal temperature (T+) the substance can 
be liquefied by applying pressure; at 
temperatures above T. this is not 
possible. For each substance there is 
one critical point; for example, for 
carbon dioxide it is at 31.1*C and 73.0 
atmospheres. 


critical pressure The lowest pressure 
needed to bring about liquefaction of a 
gas at its critical temperature. 


critical temperature The temperature 
below which a gas can be liquefied by 
applying pressure and above which no 
amount of pressure is sufficient to bring 
about liquefaction. tSome gases have 
critical temperatures above room tem- 
perature (¢.g. carbon dioxide 31.1°C and 
chlorine 144°C) and have been known 
in the liquid state for many years. 
Liquefaction proved much more diffi- 
cult for those gases (e.g. oxygen =118°C 
and nitrogen -146°C) that have very low 
critical temperatures. 


critical volume The volume of one mole 
of a substance at its critical point. 


cross linkage An atom or short chain 
joining two longer chains in a polymer. 


crude oil See petroleum. 


cryohydrate fA eutectic mixture of ice 
and certain salts. See also eutectic. 


cryolite See sodium hexafluoroaluminate. 


cryoscopic constant See depression of 
freezing point. 


crystal Y 


crystal A solid substance that has a 

definite geometric shape. A crystal has 
fixed angles between its faces, which 
have distinct edges. The crystal will 
sparkle if the faces are able to reflect 
light. The constant angles are caused by 
the regular arrangements of particles 
(atoms, ions, or molecules) in the crystal. 
If broken, a large crystal will form 
smaller crystals. 
In crystals, the atoms, ions, or mole- 
cules of the substance form a distinct 
regular array in the solid state. The 
faces and their angles bear a definite 
relationship to the arrangement of these 
particles. 


crystal habit The shape of a crystal. The 
habit depends on the way in which the 
crystal has grown; i.e. the relative rates 
of development of differen f. ves 


crystalline Dencüng a s«.ence that 
forms crystals. Crystallihe substances 
have a regular internal arrangement of 
atoms, even though they may not exist 
as geometrically regular crystals. For 
instance, lead (and other metals) are 
crystalline. {Such substances are com- 
posed of accumulations of tiny crystals. 
Compare amorphous. 


crystallite A small crystal that has the 
potential to grow larger. It is often used 
in mineralogy to describe specimens 
that contain accumulations of many 
minute- crystals of unknown chemical 
composition and crystal structure. 


crystallization The process of forming 
crystals. When a substance cools from 
the gaseous or liquid state to the solid 
State, crystallization occurs. Crystals 


will also form from a solution saturated 
with a solute, 


crystallography The study _ of the 
formation, Structure, and properties of 
crystals. See also X-ray crystallography. 


crystal structure The particular repea- 
ting arrangement of atoms (molecules 
or ions) in a crystal. ‘Structure’ refers to 
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the internal arrangement of panicles, 
not the external appearance. 


crystal system A classification of 
crystals based on the shapes of their unit 
cell. If the unit cell is a parallelopiped 
with lengths a, b, and c and the angles 
between these edges are a (between b 
and c), B (between a and c), and y 
(between a and b), then the classi- 
fication is: 
cubic: a = b = G a = 8 = y = %0 
tetragonal: a = b + Ga = B = y= 
90° 


orthorhombic: a + b * c; a =f = y 
= 90 

hexagonal: a = b € c; a = B = 90; y 
= 120° 

trigonal: a = b + cra = B= y + 90° 
monoclinic: a # b # c;a = y = 90° + 
B 

triclinic: a + b * Ga¥ Bx y 

The orthorhombic system is also called 
the rhombic system. 


cubic Denoting a crystal in which the 
unit cell is a cube, In a simple cubic 
crystal the particles are arranged at the 
corners of a cube, See also body-centred 
cubic crystal, face-centred cubic crystal, 
crystal system. 


cubic close packed See face-centred 
cubic crystal. 


cumene process tAn industrial process 
for the manufacture of phenol from 
isopropylbenzene (cumene), which is 
itself made by passing benzene vapour 
and propene over a phosphoric acid 
catalyst (250°C and 30 atmospheres). 

CsHe + CH2:CH(CH;) > 
C.H:CH(CH3); 
The isopropylbenzene is oxidized by air 
to a 'hydroperoxide': 
C.HsC(CH));-O-O-H 

This is hydrolysed by dilute acid to 
phenol (C.H.OH) and propanone 
(CH;COCH,), which is a valuable by- 
Product. 


cupellation A technique used for the 
separation of silver and/or gold from 
impurities by the use of an easily 


Cubic crystal structures 


body-centred 


OXidizable metal, such as lead. The 
impure metal is heated in a furnace and 
a blast of hot air is directed upon it. The 
Cad or other metal forms an oxide, 
Caving the silver or gold behind. 


“upric chloride See copper(II) chloride. 
“upric nitrate See copper(II) nitrate. 
e . 
"IPric oxide See copper(II) oxide. 
5 
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Pric sulphate See copper(II) sulphate. 


“upronickel 


nickel allo A series of strong copper- 


YS containing up to 45% 


curie ` 


face-centred 


simple cubic 


nickel. Those containing 20% and 30% 
nickel are very malleable, can be worked 
cold or hot, and are very corrosion- 
resistant. They are used, for example, in 
condenser tubes in power stations. 
Cupronickel with 25% nickel is widely 
used in coinage. See also Constantan. 


cuprous chloride See copper(I) chloride. 

cuprous oxide See copper(I) oxide. 

curie Symbol: Ci tA unit of radioactivity, 
equivalent to the amount of a given 


radioactive substance that produces 3.7 
`% 10!° disintegrations per second. 


curium 


curium A highly toxic radioactive silvery 
element of the actinoid series of metals. 
A wansuranic element, it is not found 
naturally on Earth but is synthesized 
from plutonium. Curium-244 and 
curium-242 have been used in ther- 
moelectric power generators. 
Symbol: Cm; m.p. 1340°C; r.d. 
(calc.); p.n. 96; stablest isotope 
(half-life 1.6 x 10? years). 


cyanamide process tAn industrial 
process for fixing nitrogen by heating 
calcium dicarbide in air." 

CaC; + Ni CaCN; 

The product, calcium cyanamide, hydro- 
lyses to ammonia and can be used as a 
fertilizer. The process is expensive due 
to the high cost of calcium dicarbide. 
Sec also nitrogen fixation. 


cyanide 1. A salt of hydrogen cyanide, 
containing the cyanide ion (CN). 
2. f See nitrile. 


cyanid. process A technique used for 
the øy raction of gold from its ores. 
After/crushing the gold ore to a fine 
powder it is agitated with a very dilute 
solution of potassium cyanide. The gold 
is dissolved by the cyanide to form 
potassium aurocyanide KAu(CN);. This 
complex is reduced with zinc, filtered, 


and melted to obtain the pure gold 
metal. 


cyanogen (C;N;) fA toxic flammable 
gas prepared by heating mercury 
cyanide. See also Pseudohalogen. 


cyanohydrin +An addition compound 
formed between an aldehyde or ketone 
and hydrogen cyanide. The general 
formula is RCH(OH)(CN) (from an 
aldehyde) or RR'C(OH)(CN) (from a 
ketone). Cyanohydrins are easily hydro- 
lysed to hydroxycarboxylic acids. For 
instance, the compound 2-hydroxypro- 
panonitrile (CH;CH(OH)(CN)) is hyd- 
rolysed to 2-hydroxypropanoic acid 
(CH;CH(OH)(COOH)). 


cyclic compound A compound contain- 
ing a ring of atoms. If the atoms forming 
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R OH 


Di: 


H CN 
from aldehyde 


ee H 
A xS N 


from ketone 
Cyanohydrins 


the ring are all the same the compound 
is homocyclic; if different atoms are 
involved it is heterocyclic, 


cyclization +A reaction in which a 
straight-chain compound is converted 
into a cyclic compound. 


cyclohexane (C.H;;) A colourless liquid 
alkane that is commonly used as a 
solvent and in the production of 
hexanedioic acid (adipic acid) for the 
manufacture of nylon. fCyclohexane, 
itself, is manufactured by the refor- 
mation of longer chain hydrocarbons 
Present in crude-oil fractions. It is also 
interesting from a structural point of 
view, existing as a ‘puckered’ six- 
membered ring, having all bonds 
between carbon atoms at 109,9° (the 
tetrahedral angle). The molecule under- 
goes rapid interconversion between two 
"chair-like" conformations, which are 
energetically equivalent, passing through 
a 'boat-like' structure of higher energy. 


‘It is commonly represented by, a- 


hexagon. See also conformation. 


cyclopentadiene +A cyclic hydrocarbon 
made by cracking petroleum, The mole- 


cules have a five-membered ring 
containing two carbon-carbon double 
bonds and one CH; group. It forms the 
Negative cyclopentadienyl ion C4H«s', 
Present in sandwich compounds, such as 
ferrocene. 


Cyclopentadienyl ion +See cyclopen- 
tadiene. 


cysteine +See amino acids. 


Dalton’s atomic theory A theory 
explaining the formation of compounds 
by elements first published by John 
Dalton in 1803. It was the first modern 
attempt to describe chemical behaviour 
in terms of atoms. The theory was based 
On certain postulates: 

(1) All elements are composed of small 
Particles, which Dalton called atoms. 
(2) All atoms of the same element are 
identical. 

(3) Atoms can neither be created nor 
destroyed. 

(4) Atoms combine to form ‘compound 
atoms’ (i.e. molecules) in simple ratios. 
Dalton also suggested symbols for the 
elements. The theory was used to explain 
the law of conservation of mass and the 
laws of chemical combination. 


Dalton’s law (of partjal pressures) The 
Pressure of a mixture of gases is the sum 
of the partial pressures of each individual 
Constituent. (The partial pressure of a 
Bas in a mixture is the pressure that it 
would exert if it alone were present in 
the container.) Dalton's law is strictly 
true only for ideal gases. 


Daniell cell A type of primary cell 
Consisting of two electrodes in different 
electrolytes separated by a porous parti- 
tion. The positive electrode is copper 
immersed in copper(II) sulphate solu- 


decahydrate 


tion. The negative electrode is zinc- 
Mercury amalgam in either dilute 
sulphuric acid or zinc sulphate solution, 
The porous pot prevents mixing of the 
electrolytes, but allows ions to pass. 
With sulphuric acid the e.m.f. is about 
1.08 volts; with zinc sulphate it is about 
1.10 volts. 
TAt the copper electrode copper ions in 
solution gain electrons from the metal 
and are deposited as copper atoms: 

Cu?* + 2e Cu 
The copper electrode thus gains a 
positive charge. At the zinc electrode, 
zinc atoms from the electrode lose 
electrons and dissolve into solution as 
zinc ions, leaving a net negative charge 
on the electrode 

Zn — 2¢ + Zn?* 


dative bond See coordinate bond. 


d-block elements +The transition 
elements of the first, second, and third 
long periods, i.e. Sc to Zn, Y to Cd, and 
La to Hg. They are so called because in 
general they have inner d-levels with 
configurations of the type (n - 1)d'ns? 
where x = 1-10. See transition elements. 


de Broglie wave +A wave associated 
with a particle, such as an electron or 
proton. In 1924, Louis de Broglie 
suggested that, since electromagnetic 
waves can be described as particles 
(photons), particles of matter could also 
have wave properties. The wavelength 
(A) has the same relationship to momen- 
tum (p) as in electromagnetic radiation: 

d= h/p 

where h is the Planck constant. See also 
quantum theory. 


debye Symbol: D fA unit of electric 
dipole moment equal to 3.33564 x 
102? coulomb metre. It is used in 
expressing the dipole moments of mole- 
cules. 


deca- Symbol: da A prefix denoting 10. 
For example, | decametre (dam) = 10 
metres (m). 


decahydrate A crystalline solid contain- 


deci- 


ing ten molecules of water of crystal- 
lization per molecule of compound. 


deci- Symbol: d A prefix denoting 10-'. 
For example, 1 decimetre (dm) = 10"! 
metre (m). 


decomposition A chemical reaction in 
which a compound is broken down into 
compounds with simpler molecules. 


decrepitation Heating a crystalline solid 
so that it emits a crackling noise, usually 
as a result of loss of water of crystal- 
lization. 


defect ‘An irregularity in the ordered 
arrangement of particles in a crystal 
lattice. {There are two main types of 
defect in crystals. Point defects occur at 
single lattice póints and there are two 
types. A vacancy is a missing atom; i.e. 
a vacant lattice point. Vacancies are 
sometimes called Schottky defects. An 
interstitial is an atom that is in a position 
that is not a normal lattice point. If an 
atom moves off its lattice point to an 
interstitial position the result (vacancy 
plus interstitial) is a Frenkel defect. All 
solids above absolute zero have a 
number of point defects, the concen- 
tration of defects depending on the 
temperature. Point defects can also be 
produced by strain or by irradiation. 
Dislocations (or line defects) are also 
produced by strain in solids. They are 
irregularities extending over a number 
of lattice points along a line of atoms. 


definite proportions, law of See 
constant proportions, law of. 


degenerate tDescribing different quan- 
tum states that have the same energy. 
For instance, the five d orbitals in a 
transition-metal atom all have the same 
energy but different values of the 
magnetic quantum number m. Differen- 
ces in energy occur if a magnetic field is 
applied or if the arrangement of ligands 
around the atom is not symmetrical. 
The degeneracy is then said to be ‘lifted’. 


degradation +A chemical reaction 


involving the decomposition of a mole- 
cule into simpler molecules, usually in 
stages. The Hofmann degradation of 
amides is an example. 


degrees of freedom 1. +The indepen- 
dent ways in which particles can take up 
energy. In a monatomic gas, such as 
helium or argon, the atoms have three 
translational degrees of freedom (corres- 
ponding to motion in three mutually 
perpendicular directions). The mean 
energy per atom for each degree of 
freedom is kT/2, where k is the 
Boltzmann constant; the mean energy 
per atom is thus 3kT/2. 
A diatomic gas also has two rotational 
degrees of freedom (about two axes 
perpendicular to the bond) and one 
vibrational degree. The rotations also 
each contribute kT/2 to the average 
energy. The vibration contributes kT 
(kT/2 for kinetic energy and KT/2 for 
potential energy). Thus, the average 
energy per molecule for a diatomic 
molecule is 3kT/2 (translation) + kT 
(rotation) + kT (vibration) = 7kT/2. 
Linear triatomic molecules also have 
two significant rotational degrees of 
freedom; non-linear molecules have 
three. For non-linear polyatomic mole- 
cules, the number of vibrational degrees 
of freedom is 3N - 6, where N is the 
number of atoms in the molecule. 
The molar cnergy of a gas is the average 
energy per molecule multiplied by the 
Avogadro constant. For a monatomic 
gas it is 3RT/2, etc, 
2. The independent physical quantities 
(e.g. pressure, temperature, etc.) that 
define the state of a given system. See 
phase rule. 


dehydration 1. Removal of water from a 
substance. 
2. Removal of the elements of water 
(i.e. hydrogen and oxygen in a 2:1 ratio). 
to form a new compound. An example 
is the dehydration of propanol to 
propene over hot pumice: 

C;H;OH — CH;CH:CH; + H;O 


deliquescent Describing a solid com- 
pound that absorbs water from the 


64 


atmosphere, eventually forming a solu- 
tion. See also hygroscopic. 


delocalization A spreading out of 
bonding electrons in a molecule over 
the molecule, 


delocalized bond (non-localized bond) 
A type of bonding in molecules that 
Occurs in addition to sigma bonding. 
The electrons forming the delocalized 
bond are no longer regarded as remain- 
ing between two atoms; i.e. the electron 
density of the delocalized electrons is 
Spread over several atoms and may 
Spread over the whole molecule. 
fThe electron density of the delocalized 
bond is spread by means of a delocalized 
molecular orbital and may be regarded 
as a series of pi bonds extending over 
Several atoms, for example the pi bonds 
in butadiene and the C-O pi bonds in 
the carbonate ion. 


denaturing The process of adding small 
amounts of contaminants to ethanol to 
Make it unfit for drinking. Denatured 
alcohol (such as methylated spirits) is 
Not subject to the excise duty on 
alcoholic drinks. 


dendritic growth Growth of crystals in 
a branching habit. 


density Symbol: p The mass per unit 
Volume of a given substance. The units 
are gdm-?, etc. See also relative density. 


depolarizer +A substance used in a 
HEUTE cell to prevent polarization. 
eee bubbles forming on the elec- 

le can be removed by an oxidizing 
agent, such as manganese(IV) oxide. 


depression of freezing , point A 
ihe eae Property of solutions in which 
lod reezing point of a given solvent is 
x ered by the presence of a solute. The 
i ees of the reduction is proportional 
€ molal concentration of the solute. 
soak depression depends only on the 
sateen and is independent of 
S € composition, The proportionality 
nstant, K, is called the freezing point 
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~ depression of freezing point 


Beckmann 
thermometer 


tube for 
introduction 
of solute 


container 
for freezing 
mixture 


Apparatus for measuring depression 
of freezing point 


constant or sometimes the cryoscopic 
constant. At = KyCy, where At is the 
lowering of the temperature and Cy is 
the molal concentration; the units of K, 
are kelvins kilograms moles (K kg 
mol-!). Although closely related to the 
property of boiling-point elevation, the 
cryogenic method can be applied to 
measurement of relative molecular mass 
with considerable precision. A known 
weight of pure solvent is slowly frozen, 
with stirring, in a suitable cold bath and 
the freezing temperature measured using 
a Beckmann thermometer. A known 
weight of solute of known molecular 
mass is introduced, the solvent thawed 
out, and the cooling process and 
measurement repeated. The addition is 
repeated several times and an average 
value of K; for the solvent obtained by 
plotting At against Cm. The whole 
process is then repeated using the 
unknown solute and its relative mole- 
cular mass determined using the value 
of K; previously obtained. 

;The effect is applied to more precise 
measurement of relative molecular mass 
by using a pair of Dewar flasks (pure 
solvent and solution) and measuring At 
by means of thermocouples. The theore- 
tical explanation is similar to that for 
lowering of vapour pressure. The 


derived unit 


freezing point of the solvent is that 
point at which the curve representing 
the vapour pressure above the liquid 
phase intersects the curve representing 
the vapour pressure above the frozen 
solvent. The addition of solute depresses 
the former curve but as the solid phase 
that separates is always pure solvent 
(above the eutectic point), there is no 
attendant depression of the latter curve. 
Consequently the point of intersection 
is depressed, resulting in a lowering of 
the freezing point. See also lowering of 
vapour pressure. 


derived unit A unit defined in terms of 
base units, and not directly from a 
standard value of the quantity it 
measures, For example, the newton is a 
unit of force defined as a kilogram 
metre second-? (kg ms™?). See also SI 
units, 


desiccation Removal of moisture from a 
substance. 


desiccator A laboratory apparatus for 
drying solids or for keeping solids free 
of moisture. It is a container in which is 
kept a hygroscopic material (e.g. calcium 
oxide, or silica gel), 


destructive distillation The process of 
heating an organic substance in the 
absence of air to produce volatile 
Products, which are subsequently con- 
densed. The destructive distillation of 
coal was the process for manufacturing 
coal gas and coal tar. Formerly, 
methanol was made by the destructive 
distillation of wood. 


detergents A group of substances that 
improve the cleansing action of. solvents, 
particularly water. The majority of 
detergents, including soap, have the 
same basic structure. Their molecules 
have a hydrocarbon chain (tail) that 
does not attract water molecules. The 
tail is said to be hydrophobic (water 
hating). Attached to this tail is a small 
group (head) that readily ionizes and 
attracts water molecules. It is said to be 
hydrophilic (water loving). Detergents 


reduce the surface tension of water and 
thus improve its wetting power. Because 
the detergent ions have their hydrophilic 
heads anchored in the water and their 
hydrophobic tails protruding above it, 
the water surface is broken up, enabling 
the water to spread over the material to 
be cleaned and penetrate between the 
material and the dirt. With the assistance 
of agitation, the dirt can be floated off. 
The hydrophobic tails of the detergent 
molecules ‘dissolve’ in grease and oils. 
The protruding hydrophilic heads repel 
each other causing the oil to roll up and 
form a drop, which floats off into the 
water as an emulsion. Soap is the oldest 
detergent. More recently synthetic deter- 
gents, often derived from petrochemi- 
cals, have been developed. Unlike soaps 
these detergents do not form soluble 
scums with hard water. 

TSynthetic detergents are of three types. 
Anionic detergents form ions consisting 
of a hydrocarbon chain to which is 
attached either a sulphonate group, 
~SO;-O-, or a sulphate group, -O-SO;- 
O°. The corresponding metal salts are 
soluble in water. Cationic detergents 
have organic positive ions of the type 
RNH;*, in which R has a long hydro- 
carbon chain. Non-ionic detergents are 
complex chemical compounds called 
ethoxylates. They owe their detergent 
properties to the presence of a number 
of oxygen atoms in one part of the 
molecule, which are capable of forming 
hydrogen bonds with the surface water 
molecules, thus reducing the surface 
tension of the water. 

See also soap. 


deuterated compound +A compound in 
which one or more 'H atoms have been 
replaced by deutérium (7H) atoms. 


deuterium Symbol: D A naturally 
occurring stable isotope of hydrogen in 
Which the nucleus contains one proton 
and one neutron. The atomic mass is 
thus approximately twice that of 'H; 
deuterium is known as "heavy hydro- 
gen’. Chemically it behaves almost iden- 
tically to hydrogen, forming analogous 
compounds, although reactions of 


deuterium compounds are often slower 
than those of the corresponding 'H 
compounds. fThis is made use of in 
kinetic studies where the rate of a 
reaction may depend on transfer of a 
hydrogen atom (ie. a kinetic isotope 
effect). 


Dewar flask (vacuum flask) A double- 
walled container of thin glass with the 
space between the walls evacuated and 
sealed to stop conduction and convec- 
tion of energy through it. The glass is 
often silvered to reduce radiation. 


Dewar structure fA representation of 
the structure of benzene in which there 
is a single bond between two opposite 
corners of the hexagonal ring and two 
double bonds at the sides of the ring. 
The Dewar structures contribute to the 
resonance hybrid of benzene. See 
benzene. 


dextro-form +See optical activity. 
dextrorotatory See optical activity. 


dextrose (grape-sugar) Naturally occur- 
ring glucose belongs to the sterco- 
chemical series D and is dextrorotatory 
indicated by the symbol (+). Thus the 
term dextrose is used to indicate D-(+ )- 
glucose, As other stereochemical forms 
of glucose have no significance in 
biological systems the term ‘glucose’ is 
often used interchangably with dextrose 
in biology. See also glucose. 


D-form +See optical activity. 
d-form See optical activity. 


diagonal relationship There is a general 
trend in the periodic table for elec- 
tronegativity to increase from left to 
right along a period and decrease down 
a group. Thus a move of ‘one across and 
one down’, i.e. a diagonal move in the 
table, gives rise to effects that tend to 
cancel each other. There is a similar 
combined effect for size, which decreases 
along a period but increases down a 
group. This diagonal relationship gives 


diamond 


rise to similarities in chemical proper- 
ties, which are particularly noticeable 
for the following pairs: Li-Mg; Be-Al; 
B-Si. 

TLi-Mg: 

(1) both have carbonates that give CO; 
on heating, 

(2) both burn in air to give the normal 
oxide only, à 
(3) both form a nitride, 

(4) both form hydrated chlorides that 
hydrolyse slowly. 

Be-Al: 

(1) both give hydrogen with alkalis, 

(2) both sive water-insoluble hydroxides 
that dissolve in alkali, 

(3) both form complex ions of the type 
MCI, 

(4) both have covalently bridged 
chlorides. 

B-Si: 

(1) both form acidic oxides of a giant 
covalent-molecule type with high mel- 
ting points, 

(2) both form low-stability hydrides that 
ignite in air, 

(3) both form readily hydrolysable 
chlorides that fume in air, 

(4) both have amorphous and crystalline 
forms and both form glasses with basic 
oxides, such as Na;O. 


diamagnetism {See magnetism. 


1,6-diaminohexane (H2N(CH2)sNH2) 
tAn organic compound used as a star- 
ting material in the production of nylon 
It is manufactured from cyclohexane. 
See nylon. 


diamond An allotrope of carbon. It is the 
hardest naturally occurring substance 
and.is used for jewellery and, indus- 
trially, for drilling equipment. Each 
carbon atom is surrounded by four 
equally spaced carbon atoms arranged 
tetrahedrally. The carbon atoms form a 
three-dimensional network with each 
carbon-carbon bond equal to 0.154 nm 
and at an angle of 109.5? with its neigh- 
bours. In diamonds millions of atoms 
are covalently bonded to form a giant 
molecular structure, the great strength 
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diatomic 


of which results from the strong covalent 
bonds. See also carbon. 


diatomic Describing a molecule that 
consists of two atoms. Hydrogen (H;), 
oxygen (O:) nitrogen (N2), and the 
halogens are examples of diatomic 
elements. 


diazotization +The reaction of an 
aromatic amine (eg. aniline) with 
nitrous acid at low temperatures (below 
5"C). 
CsHsNH, + HNO, > C!HiN*N + 
OH: + H;O 
The acid is prepared in situ by reaction 
between nitric acid and sodium nitrite. 
The resulting diazonium ion is suscep- 
tible to attack by nucleophiles and 
provides a method of nucleophilic 
substitution onto the benzene ring. 


diazonium salt +A compound of the 
type RN;* X^, where R is an aromatic 
group and X- a negative ion. Diazonium 
salts are made by diazotization. They 
can be isolated but are very unstable, 
and are usually prepared in solution. 
The -N;' group renders the benzene 
ring susceptible to nucleophilic substi- 
tution (rather than electrophilic substi- 
tution). Typical reactions are: 
(1) Reaction with water on warming the 
solution: 
RN;* + H:O > ROH + N; + H+ 
(2) Reaction with halogen ions (CuCl 
catalyst for chloride ions): 

RN;* + I-> RI +N, 
Diazonium ions can also act as electro- 
philes and substitute other benzene rings 
(diazo coupling). See azo compound. 


dichlorine oxide (chlorine monoxide, 
ChO) tAn orange gas made by passing 
chlorine over mercury(II) oxide. It is a 
Strong oxidizing agent and dissolves in 
water to give chloric(I) acid. 


dichloroacetic acid +See chloroethanoic 
acid. 


dichloroethanoic acid +See chloroe- 
thanoic acid. 


68 


dichromate(VI) A salt containing the 
ion CrO:-. Dichromates are strong 
oxidizing agents. See potassium dichro- 
mate(VI). 


diethyl ether See ethoxyethane. 


diffusion Movement of a gas, liquid, or 
solid as a result of the random thermal 
motion of its particles (atoms or mole- 
cules). A drop of ink in water, for 
example, will slowly spead throughout 
the liquid. Diffusion in solids occurs 
very slowly at normal temperatures. Sce 
also Graham's law. 


dihydrate A crystalline compound with 
two molecules of water of crystallization 
per molecule of compound. 


dihydric alcohol tSee diol. 


diiodine hexachloride (iodine tri- 
chloride, D.C) A yellow crystalline 
solid made by reacting excess chlorine 
with iodine. It is a strong oxidizing 
agent and at 70°C it dissociates into 
iodine monochloride and chlorine. 


dilead(II) lead(IV) oxide (red lead, 
PbO.) A powder made by heating 
lead(II) oxide or lead(II) carbonate 
hydroxide at 400°C. It is black when hot 
and red or orange when cold. On heating 
it decomposes to lead(1I) oxide and 
oxygen. Dilead(II) lead(IV) oxide is 
used as a pigment and in glass making. 
In practice it tends to have less oxygen 
than denoted in the formula. 


dilute Denoting a solution in which the 
amount of solute is low relative to that 
of the solvent. The term is always 
relative and includes dilution at trace 
level as well as the common term 'bench 
dilute acid', which usually means a 2M 
solution. Compare concentrated. 


dimer A compound (or molecule) formed 
by combination or association of two 
molecules. For instance, aluminium 
chloride (AICI) is a dimer (Al,Cl.) in 
the vapour. 


dimethylbenzene (xylene, C;H(CH;);) 
An organic hydrocarbon present in the 
light-oil fraction of crude oil. It is used 
extensively as a solvent. There are 
three isomeric compounds with this 
name and formula, distinguished as 1,2-, 
1,3- and 1,4- dimethylbenzene according 
to the positions of the methyl groups on 
the benzene ring. 


dimorphism See polymorphism. 


dinitrogen oxide (nitrous oxide, N;O) 
A colourless gas with a faintly sweet 
odour and taste. It is appreciably soluble 
in water (1.3 volumes in I volume of 
water at 0C) but more soluble in 
ethanol. It is prepared commercially 
and in the laboratory by the careful 
heating of ammonium nitrate: 

NH4NO,(s) = NiO(g) + 2H20(g) 
Dinitrogen oxide is fairly easily decom- 

+ posed on heating to temperatures above 
520°C, giving nitrogen and oxygen. The 
Bas is used as a mild anaesthetic in 
medicine and dentistry, being marketed 
in small steel cylinders. It is sometimes 
called laughing gas because it induces a 
feeling of elation. 


dinitrogen tetroxide (N.O.) A colour- 
less gas that becomes a pale yellow 
liquid below 21°C and solidifies below 
-11°C. On heating, the gas dissociates to 
Nitrogen dioxide molecules: 

N,0,(g) = 2NO.(g) 

This dissociation is complete at 140°C. 
Liquid dinitrogen tetroxide has good 
Solvent properties and is used as a 
Nitrating.agent. 


2,4-dinitrophenylhydrazine (Brady's 
reagent, C;H,N4O;) tAn orange solid 
commonly used in solution with 
methanol and sulphuric acid to produce 
Crystalline derivatives by condensation 
with aldehydes and ketones. The 
gerivatives, known as 2,4-dinitrophenyl- 
hydrazones, can easily be purified by 
Tecrystallization and have characteristic 
melting points, used to identify the 
Original aldehyde or ketone. 


diol (dihydric alcohol, glycol) tAn 
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disodium hydrogen phosphate 


ei that has two hydroxyl groups 
(-OH) per molecule of compound. 


diphosphane (disphosphine, P;H.) +A 
yellow liquid that can be condensed out 
from phosphine in a freezing mixture. It 
ignites spontaneously in air. 


diphosphine See diphosphane. 


dipole moment A quantitative measure 
of polarity in either a bond (bond 
moment) or a molecule as a whole 
(molecular dipole moment). The unit is 
the debye (equivalent to 3.34 x 10° 
coulomb metre). Molecules such as HF, 
HO, NH;, and C;H5NH; possess dipole 
moments; CCl, Nz, CsHs, and PFs do 
not. 
+The molecular dipole moment can be , 
estimated by vector addition of indi- 
vidual bond moments if the bond angles 
are known. The possession of a dipole 
moment permits direct interaction with 
electric fields or interaction with the 
electric component of radiation. 


direct dyes +A group of dyes that are 
mostly azo-compounds derived from 
benzidene or benzidene derivatives. 
They are used to dye cotton, viscose 
rayon, and other cellulose fibres directly, 
using a neutral bath containing sodium 
chloride or sodium sulphate as a 
mordant. 


disaccharide A sugar with molecules 
composed of two monosaccharide units. 
Sucrose and maltose are examples. 
+These are linked by a -O- linkage 
(glycosidic link). See also sugar. 


dislocation t See defect. 


disodium hydrogen phosphate(V) 
(disodium hydrogen orthophosphate, 
Na;HPO,) fA white solid prepared by 
titrating phosphoric acid with sodium 
hydroxide solution using phenolph- 
thalein as the indicator. On evaporation 
the solution yields efflorescent mono- 
clinic crystals of the dodecahydrate, 
Na;HPO.12H;O. The effloresced salt 


disodium tetraborate-10-water 
D 


contains 7H;O. Disodium hydrogen 
phosphate is used in the textile industry. 


disodium tetraborate-10-water (borax, 
iNa;Bi0;.10H;O) A white crystalline 
solid, sparingly soluble in cold water but 
readily soluble in hot water. It occurs 
naturally as salt deposits in dry lake 
beds, especially in California. It is an 
important industrial material, being used 
in the manufacture of enamels and heat- 
resistant glass, as a paper glaze, etc. 
fits full systematic name is sodium(1) 
heptaoxotetraborate(III)-10-water. In 
solution hydrolysis occurs: 

B,O,?- + 7H,0 = 20H: + 4H;BO; 

The borax-bead test gives characteristic 
colours with certain cations. 


disperse dyes +Water-insoluble dyes, 
which, when held in fine suspension, 
can be applied to acetate rayon fabrics. 
The dye, together with a dispersing 
agent, is warmed to a temperature of 
45-S0°C and the fabric added. By modi- 
fying the method of application it is 
possible to dye Tricel, as well as 
polyacrylic and polyester fibres. The 
yellow/orange shades are nitroarylamine 
derivatives and the green to bluish 
shades are derivatives of 1-amino 
anthraquinone. Certain azo-compounds 
are disperse dyes and these give a range 
of colours, 2 


disperse phase +Sce colloid. 


dispersion force +A weak type of inter- 
molecular force. See van der Waals 
forces. 


displacement pump A commonly used 
device for transporting liquids and gases 
around chemical plants, It works on the 
principle of the bicycle pump: a piston 
raises the pressure of the fluid and, 
when it is high enough, a valve opens 
and the fluid is discharged through an 
outlet pipe. As the piston moves back 
the pressure falls and the cycle continues, 
Displacement pumps can be used to 
generate very high Pressures (e.g. in the 
synthesis of ammonia) but because of 
the system of valves, they are more 
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expensive than other types of pump. 
Compare centrifugal pump. 


displacement reaction A chemical reac- 
tion in which an atom or group displaces 
another atom or group from a molecule. 
A common example is the displacement 
of hydrogen from acids by metals: 
Zn + 2HCI 2 ZnCl; + H: 


disproportionation A chemical reaction 
in which there is simultaneous oxidation 
and reduction of the same compound, 
An example is the reaction of copper(I) 
chloride to copper and copper(II) 
chloride: 

2CuC! + Cu + CuCl, 
in which there is simultaneous oxidation 
(to Cu(II) and reduction (to Cu(0)): 
Another example is the reaction of 
chlorine with water: 
Cl, + H,0 —2H* + Cl- + CIO: 

in which there is reduction to Cl- and 
oxidation to ClO-. 


dissociation Breakdown of a molecule 
into two-molecules, atoms, radicals, or 
ions. Often the reaction is reversible, as 
in the ionic dissociation of weak acids in 
water: 
CHCOOH + H:O = CH;COO- + 
H;,O* 


dissociation constant The equilibrium 
constant of a dissociation reaction. For 
example, the dissociation constant of a 
reaction: 

AB=A+B 
is given by: 
K = [A][B}/[AB] 
Often the degree of dissociation is used 
— the fraction (a) of the original 
compound that has dissociated at 
equilibrium. For an original amount of 
AB of n moles in a volume V, the 
dissociation constant is given by: 
K = a!n/(1-a)V 
Note that this expression is for 
dissociation into two molecules. 
Acid dissociation constants (or acidity 
constants, symbol: K,) are dissociation 
constants for the dissociation into ions 
in solution. 
HA + H:O > H;O* + A> 


The concentration of water can be taken 
as unity, and the acidity constant is 
given by: 

K, = [HO * AV [HA] 
The acidity constant is a measure of the 
Strength: of the acid. Base dissociation 
constants ( K;) are similarly defined. 
TThe expression: 

K = a!n/(1Y-a)V 

applied to an acid is known as Ostwald's 
dilution law. In particular if a is small 
(a weak acid) then K = a?n/V, ora = 
CVV, where C is a constant. The degree 
of dissociation is then proportional to 
the square root of the dilution. 


distillation The process of boiling 2 
liquid and condensing the vapour. Distil- 
lation is used to purify liquids or to 
Separate components of a liquid mixture. 
See also destructive distillation, frac- 
tional distillation, steam distillation, 
vacuum distillation. 


disulphur dichloride (sulphur mono- 
chloride, S;Cl;) fA red fuming liquid 
with a strong smell. It is prepared by 
Passing chlorine over molten sulphur 
and is used to harden rubber. 


divalent (bivalent) Having a valence of 
wo. 


dl-form +See optical activity. 


Döbereiner’s triads Triads of chemi- 
cally similar elements in which the 
central member, when placed in order 
of increasing atomic weight, has an 
atomic weight approximately equal to 
the average of the outer two. Other 
chemical and physical properties of the 
Central member also lie between those 
Of the first and last members of the 
nad, Dóbereiner noted this relationship 
n 1817; the triads are now recognized 
th Consecutive members `of a group of 

€ periodic table; e.g. Ca, Sr, and Ba 
and CI, Br, and I. 


d " 
Olomite A mineral, CaCO;.MgCOs 
sed as an ore of magnesium. 


doi 
nor The atom, ion, or molecule that 


Dulong and Petit's law 


provides the pair of electrons in forming 
a covalent bond. 


double bond A covalent bond between 
two atoms that includes two pairs of 
electrons, one pair being the single bond 
equivalent (the sigma pair) and the 
other forming an additional bond, the pi 
bond (z bond). It is conventionally 
represented by two lines, for example 
H,C=O, See multiple bond, Torbital. 


double salt When equivalent quantities 
of certain salts are mixed in aqueous 
solution and the solution evaporated, a 
salt may form, € FeSO..(NH4)2- 
SO..6H;O. In aqueous solution the salt 
behaves as a mixture of the two 
individuals. These salts are called double 
salts to distinguish them from complex 
salts, which yield complex ions in 
solution. 


Downs process An electrolytic process 
for making chlorine from fused sodium 
chloride. The anode is a central piece of 
graphite, surrounded by a cylindrical 
steel cathode. A grid and dome between 
the two keeps the products separate. 


dry cell A voltaic cell in which the 
electrolyte is in the form of a jelly or. 
paste. The Leclanché dry cell is exten- 
sively used for flashlights and other 
portable applications. See also Leclan- 
ché cell. 


dryers Devices used in chemical 
processes to remove a liquid from a 
solid by evaporation. Drying equipment 
is classified by the method of transferring 
heat to a wet solid. This can be by direct 
contact between hot gases and the solid 
(direct dryers), heat transfer by conduc- 
tion through a retaining metallic wall 
(indirect dryers), or infrared rays 
(infrared dryers). 


dry ice Solid carbon dioxide, used as a 
refrigerant. 


Dulong and Petits law The molar 


Dumas’ method 


thermal capacity of a solid element is 
approximately equal to 3R, where R is 
the gas constant (25 JK-! mol-'). The 
law applies only to elements with simple 
crystal structures at normal tempera- 
tures. At lower temperatures the molar 
heat capacity falls with decreasing 
temperature (it is proportional to T?). 
Molar thermal capacity was formerly 
called atomic heat — the product of the 
atomic weight and specific thermal 
capacity. 


Dumas’ method 1. A method for deter- 

mining the vapour densities of volatile 
liquids. The method utilizes a Dumas 
bulb; ie. a glass bulb with a narrow 
entrance tube. The bulb is weighed 
‘empty’ (i.e. full of air) then the sample 
is introduced and the bulb immersed in 
a heating bath so that the sample boils 
and expels all the air. When the surplus 
vapour has been expelled, the bulb is 
sealed off, cooled, dried, and weighed. 
The tip of the tube is then broken under 
water so that the water completely fills 
the tube and the whole weighed again. 
This enables the volume of the bulb to 
be calculated from the known density of 
water, and knowing the density of air 
one can compute the vapour density of 
the sample. See also Hofmann's method, 
Victor Meyer's method. 
2. tA method of finding the amount of 
nitrogen in an organic compound by 
heating the compound with copper oxide 
to convert the nitrogen into nitrogen 
Oxides. These are reduced by passing 
them over hot copper and the volume of 
nitrogen collected is measured. 


Duralumin (Trademark) A. strong light- 
weight aluminium alloy containing 3-4% 
Copper, with small amounts of mag- 
nesium, manganese, and sometimes sili- 
con. It is widely used in aircraft bodies. 


dye A colouring material for fabric, 
leather, etc. Most dyes are now synthetic 
organic compounds (the first such was 
the dye mauve synthesized from aniline 
in 1856 by W. H. Perkin). *Dyes are 
Often unsaturated Organic compounds 
containing conjugated double bonds — 
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the bond system responsible for the 
colour is called the chromophore. See 
also azo compound. 


dyne Symbol: dyn +The former unit of 
force used in the c.g.s. system. It is 
equal to 10-5 N. 


dysprosium A soft malleable silvery 
element of the lanthanoid series of 
metals. K occurs in association: with 
other lanthanoids. One of its few uses is 
as a neutron absorber in nuclear reac- 
tors. 
Symbol: Dy; m.p. 1412°C; b.p. 2562°C; 
r.d. 8,56; p.n. 66; r.a.m. 162.50. 


ebulioscopic constant See elevation of 
boiling point. 


ebullition The boiling or bubbling of a 
liquid. 


eclipsed conformation +See confor- 
mation, 


Edison cell +See nickel-iron accumula- 
tor. 


edta (ethylenediamine tetracetic acid) tA 
compound with the formula 
(HOOC CH;);N(CH;);N(CH;COOH); 
It is used in forming chelates of tran- 
sition metals. See chelate. 


efficiency Symbol: 7 A measure used for 
Processes of energy transfer; the ratio of 
the useful energy produced by a system 
or device to the energy input. {For a 
reversible heat engine, the efficiency is 
given by 

1 = (T\-7T3)/T, 

T, being the source temperature and Tz 
the ‘sink’ temperature. 


efflorescence The process in which a 


crystalline hydrated solid loses water of 
crystallization to the air. A powdery 
deposit is gradually formed. 


einsteinium A radioactive transuranic 
element of the actinoid series, not found 
naturally on Earth. Several short-lived 
isotopes have been synthesized. 
Symbol: Es; p.n. 99; stablest isotope 
?**Es (half-life 276 days). 


elastomer An elastic substance, eg. a 
natural or synthetic rubber. 


electrochemical equivalent Symbol: z 
The mass of an element released from a 
solution of its ion when a current of one 
ampere flows for one second during 
electrolysis. 


electrochemical series (electromotive 

Series) A series giving the activities of 
metals for reactions that involve ions in 
solution. In decreasing order of activity, 
the series is 

K, Na, Ca, Mg, Al, Zn, Fe 

Pb, H, Cu, Hg, Ag, Pt, Au 
Any member of the series will displace 
ions of a lower member from solution. 
For example, zinc metal will displace 
Cu?* ions; 

Zn(s) + Cu?*(aq) — Zn?*(aq) + Cu(s) 
Zinc hàs a greater tendency than copper 
lo form positive ions in solution. 
Similarly, metals above hydrogen dis- 
place hydrogen from acids: 

Zn + 2HCI > ZnCl; + Hz 
+The series is based on electrode poten- 
tials, which measure the tendency to 
form positive ions. The series is one of 
increasing electrode potential for half 
Cells of the type M^* | M. Thus, copper 
(E*for Cu?* | Cu = +0.34 V) is lower 
than zinc (E? for Zn?* | Zn = -0.76 V). 
Bs hydrogen half cell has a value E® 


electrochemistry The study of the 
‘Ormation and behaviour of ions in 
Solutions. It includes electrolysis and the 
generation of electricity by chemical 
Teactions in cells. 


electrode Any part of an electrical devicé 


73 


electrode potential 


or system that emits or collects electrons 
or other charge carriers. An electrode 
may also be used to deflect charged 
Particles by the action of the electrostatic 
field that it produces. See also half cell. 


electrodeposition The process of deposi- 
ting a layer of solid (metal) on an 
electrode by electrolysis. Positive ions in 
solution gain electrons at the cathode 
and are deposited as atoms. Copper, for 
instance, can be deposited on a metal 
cathode from copper sulphate solution. 


electrode potential 1A measure of the 
tendency of an element to form ions in 
solution. For example, a meial in a 
solution containing M* ions may 
dissolve in the solution as M * ions; the 
metal then has an excess of electrons 
and the solution an excess of positive 
ions — thus, the metal becomes negative. 
with respect to the solution. Alter- 
natively, the positive ions may gain 
electrons from the metal and be 
deposited as metal atoms. In this case, 
the metal becomes positively charged 
with respect to the solution, In either ` 
case, a potential difference is developed 
between solid and solution, and an 
equilibrium. state will be reached at 
which further reaction is prevented. The 
equilibrium value of this potential 
difference would give an indication of 
the tendency to form aqueous ions. 
It is not, however, possible to measure 
this for an isolated half cell — any 
measurement requires a circuit, which 
sets up another half cell in the solution. 
Therefore, electrode potentials (or 
reduction potentials) are defined by 
comparison with a hydrogen half cell, 
which is connected to the half cell under 
investigation by a salt bridge. The e.m.f. 
of the full cell can then be measured. 
In referring to a given half cell the more 
reduced form is written on the right for 
a half-cell reaction. For the half cell 
Cu?*|Cu, the half-cell reaction is a 
reduction: 

Cu?*(aq) + 2e + Cu 
The cell formed in comparison with a 
hydrogen electrode is: 
Pi(s)Hx(g)| H *(aq) | Cu? *(aq)| Cu 


electrolysis 


The emf. of this cell is +0.34 volt 
measured under standard conditions. 
Thus, the standard electrode potential 
(symbol: E?) is +0.34 V for the half 
cell Cu?* | Cu. The standard conditions 
are 1.0 molar solutions of all ionic 
species, standard pressure, and a 
temperature of 298 K. i 

Half cells can also be formed by a 
solution of two different ions (e.g. Fe** 
and Fe?*). In such cases, a platinum 
electrode is used under standard condi- 
tions. 


electrolysis The production of chemical 
change by passing electric charge 
through certain conducting liquids (elec- 
trolytes). The current is conducted by 
migration of ions — positive ones 
(cations) to the cathode (negative elec- 
trode) and negative ones (anions) to 
the anode (positive electrode). Reactions 
take place at the electrodes by transfer 
of electrons to or from them. 
In the electrolysis of water (containing 
a small amount of acid to make it 
conduct adequately) hydrogen gas is 
given off at the cathode and oxygen is 
evolved at the anode. At the cathode the 
reaction is: 

H'*c€H 
2H > H: 


At the anode: 

OH- +e + OH 

20H + H,0 + O 

20 > 0; 

In certain cases the electrode material 
may dissolve. For instance, in the 
electrolysis of copper(II) sulphate 
solution with copper electrodes, copper 
atoms of the anode dissolve as copper 
ions 


Cu — 2e: + Cutt 


electrolyte A liquid containing positive 
and negative ions, that conducts electri- 
city by the flow of those charges. 
+Electrolytes can be solutions of acids 
or metal salts (‘ionic compounds"), 
usually in water. Alternatively they may 
be molten ionic compounds — again the 
ions can move freely through the 
substance. Liquid metals (in which 
conduction is by free electrons rather 
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than ions) are not classified as electroly- 
tes. See also electrolysis. 


electrolytic Relating to the behaviour or 
reactions of ions in solution. 


electrolytic cell See cell, electrolysis. 


electrolytic corrosion Corrosion by 
electrochemical reaction. See rusting. 


electrolytic refining A method of puri- 
fying metals by electrolysis. Copper is 
purified by making the impure metal the 
anode in an electrolytic cell with copper 
sulphate electrolyte. The cathode is a 
thin strip of pure copper. The copper at 
the anode dissolves (as Cu?* ions) and 
pure copper is deposited on the cathode, 
In this particular process, gold and 
silver are obtained as by-products, 
deposited as an anode sludge on the 
bottom of the cell. 


electromagnetic radiation Energy pro- 
pagated by vibrating electric and 
magnetic fields. Electromagnetic radia- 
tion forms a whole electromagnetic 
spectrum, depending on frequency and 
ranging from high-frequency radio 
waves to low-frequency gamma rays. 
Electromagnetic radiation can be thou- 
ght of as waves (electromagnetic waves) 
or as streams of photons. The frequency 
and wavelength are related by 

=c 

where c is the speed of light. The energy 
carried depends on the frequency. 


electromotive series +See electrochemi- 
cal series. 


electron An elementary particle of 
negative charge (-1.602 192 C) and rest ^ 
mass 9.109 558 kg. Electrons are present 
in all atoms in shells around the nucleus. 


electron affinity Symbol: A The energy 
released when an atom (or molecule or 
group) gains an electron in the gas 
phase to form a negative ion. It is thus 
the energy of: 
A-cteC—A- 
A positive value of A (often in electron- 


electrophile 


Electromagnetic spectrum 
(note: the figures are only approximate) 


Radiation Wavelength (m) Frequency (Hz) 
gamma radiation -1070 101- 

X-rays 10°'2 10-9 10" - 1020 
ultraviolet radiation 10? - 10-7 10!5 - 1018 
visible radiation 107-10:5 10'* - 10!5 
infrared radiation 108-104 10"? - 10'« 
microwaves 10*-1 10? -10» 
radio waves 1 - - 10° 


Volts) indicates that heat is given out. 
oflen the molar enthalpy is given for 

is process of electron attachment 
(^H). Here the units are joules per mole 
(mol), and, by the usual convention, 
a negative value indicates that energy is 
released, 


lectron-deficient compounds tCom- 
Hr in which the number of electrons 
qug ee for bonding is insufficient for 
(i nds to consist of conventional 
wo-electron covalent bonds. Diborane, 
iH. is an example in which each 
Hh ron atom has two terminal hydrogen 
oms bound by conventional electron- 
Pair bonds and in addition the molecule 
as two hydrogen atoms bridging the 
ines atoms (B-H-B). In each bridge 
e are only two electrons for the 
TEG orbital, See also multicentre 


el diffraction A technique used 
mee the structure of substances, 
the pally the shapes of molecules in 
QNS phase. A beam of electrons 
produc through à gas at low pressure 
B DRUG à series of concentric rings on 
these Ographic plate. The dimensions of 


ista, "IBS are related to the interatomic 
distan, = o the intera! 

Tay Hed molecules. See also X- 
electro 
tendeno PBtivity A measure of the 
attract A of an atom in a molecule to 
the Tight-han ds to itself. Elements to 
are strona aa Side of the periodic table 
25 & y electronegative (values from 

i those on the left-hand side 


have low electronegativities (0.8 to 1.5) 
and are sometimes called electropositive 
elements. Different electronegativities of 
atoms in the same molecule give rise to 
polar bonds and: sometimes to polar 
molecules. 

TAs the concept of electronegativity is 
not precisely defined it cannot be 
precisely measured and several elec- 
tronegativity scales exist. Although the 
actual values differ the scales are in 
good relative agreement. 

See electron affinity, ionization poten- 
tial. 


electronic energy levels {See energy 
levels. 


electron spin resonance (ESR) fA 
similar technique to nuclear magnetic 
resonance, but applied to unpaired 
electrons in a molecule (rather than to 
the nuclei). It is a powerful technique 
for studying free radicals and transition- 
metal complexes. 


electronvolt Symbol: eV fA unit of 
energy equal to 1.602 1917 x 107 
joule. It is defined as the energy required 
to move an electron charge across a 
potential difference of one volt. It is 
often used to measure the kinetic ener- 
gies of elementary particles or ions, or 
the ionization potentials of molecules. 


electrophile tAn electron-deficient ion 
or molecule that takes part in an organic 
reaction. The electrophile can be either 
a positive ion (H *, NO;*) or a molecule 
that can accept an electron pair (SO;, 
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electrophilic addition 


O;). The electrophile attacks negatively 
charged areas of molecules, which 
usually arise from the presence in the 
molecule of an electronegative atom or 
group or of z-bonds. Compare nucleo- 
phile. 


electrophilic addition fA reaction 
involving the addition of a small mole- 
cule to an unsaturated organic com- 
pound, across the atoms held by a double 
or triple bond. The reaction is initiated 
by the attack of an electrophile on the 
electron-rich area of the molecule. The 
mechanism of electrophilic addition is 
thought to be ionic, as in the addition of 
HBr to ethene: 
H,C:CH; + H* > H;CCH;* + Br 5 

H;CCHiBr 

In the case of higher alkenes (more than 
two carbon atoms) several isomeric 
products are possible. The particular 
isomer produced depends on the stability 
of the alternative intermediates and this 
is summarized empirically by Markovni- 
koff's rule. See also addition reaction. 


electrophilic substitution +A reaction 
involving substitution of an atom or 
group of atoms in an organic compound 
with an electrophile as the attacking 
substituent. Electrophilic substitution is 
very common in aromatic compounds, 
in which electrophiles are substituted 
onto the ring. An example is the 
nitration of benzene: 

CH; + NO;* > C,H;NO; + H+ 
The nitronium ion (NO;*) is formed by 
mixing concentrated nitric and sulphuric 
acids: 

HNO; + H;S0, > H;NO,* + HSO,- 

HNO;* > NO;* + H:O 

The accepted mechanism for a simple 
electrophilic substitution on benzene 
involves an intermediate of the form 
CsHsHNO;*, See also substitution reac- 
tion. 


electroplating The process of coating a 
solid surface with a layer of metal by 
means of electrolysis (i.e. by electrode- 
Position). 


electrovalent bond (ionic bond) A 
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binding force between the ions in 
compounds in which the ions are formed 
by complete transfer of electrons from 
one element to another element or radi- 
cal. For example, Na + Cl becomes 
Na* + Cl. The electrovalent bond 
arises from the excess of the net attrac- 
tive force between the ions of opposite 
charge over the net repulsive force 
between ions of like charge. The magni- 
tude of electrovalent interactions is of 
the order 107-10’ kJ mol! and elec- 
trovalent compounds are generally solids 
with rigid lattices of closely packed ions. 
tThe strengths of electrovalent bonds 
vary with the reciprocal of the inter- 
ionic distances and are discussed in 
terms of lattice energies. 


element A substance that cannot be 
decomposed into more simple substan- 
ces. The atoms of an element all have 
the same proton number (and thus the 
same number of electrons, which deter- 
mines the chemical activity). There are 
about 92 naturally occurring elements 
on Earth. Those with high relative 
atomic masses (greater than 93) are 
made by bombardment of other nuclei 
with high-energy particles. See also 
element 104. 


element 104 The first transactinide 
element, atomic number 104, i.e. 
following after the actinoid series. Its 
synthesis is claimed by Soviet and 
American groups with several very 
short-lived isotopes being reported; 
proposed names (and symbols) are 
kurchatovium (Ku) and rutherfordium 
(Rf), however neither of these names 
have been adopted and the name 
unnilquadium (Unq) has now been 
accepted (un- = 1, -nil- = 0, -quad = 
4). There are also strong claims for the 
discoveries of element,105 and element 
106, which are named unnilpentium and 
unnilhexium, respectively. 


elevation of boiling point A colligative 
Property of solutions in which the 
boiling point of a solution is raised 
relative to that of the pure solvent. The 
elevation is directly proportional to the 


H 
Beckmann 
thermometer 
condenser 
tube for | 
introducing 4 
Solute 


heater 


APparatus for measuring elevation of 
boiling point 


rates, of solute molecules introduced 
solute than to any specific aspect of the 
cons; composition, The proportionality 
elevans Ko» is called the boiling-point 
oben Constant or sometimes the 
is S°0Pic constant, The relationship 
Wh Ôt = kau 
CA is the rise in boiling point and 
of e molal concentration; the units 
(K kg ate kelvins kilograms moles”! 
measure ). The property permits the 
I in Ment of relative molecular mass 
1 K lafile solutes. An accurately 
Until the Toun of pure solvent is boiled 
weight f perature is steady, a known 
ie Solute of known molecular 
Contin Aray introduced, the boiling 
using a pud the elevation measured 
Process jg thermometer. The 
Average ya] peated several times and the 
At again, Uo Of Ke obtained by plotting 
whole process is 
with the unknown 
ts relative molecular mass 
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empirical formula 


obtained using the value of Ky 
Previously obtained. 

fThere are several disadvantages with 
this method and it is therefore used 
largely for demonstration Purposes. The 
main problem is that the exact amount 
of solvent remaining in the liquid phase 
is unknown and varies with the rate of 
boiling. The theoretical explanation of 
the effect is identical to that for the 
lowering of vapour pressure; the boiling 
points are those temperatures at which 
the vapour pressure equals the atmos- 
pheric pressure. D 


elimination reaction A reaction invol- 
ving the removal of a small molccule, 
often water or hydrogen chloride, from 
an organic molecule to give an 
unsaturated compound. An example is 
the elimination of a water molecule 
from an alcohol to produce an alkene. 
fAn elimination reaction is often in 
competition with a substitution reaction 
and the predominant product will 
depend on the reaction conditions. The 
reaction of bromoethane with sodium 
hydroxide could yield either ethene (by 
elimination of HBr) or ethanol (by 
substitution of the Br with OH).' The 
former product predominates if the 
reaction is carried out in an alcoholic 
solution and the latter if the solution is 
aqueous. 


elution The removal of an adsorbed 
substance in a chromatography column 
or ion-exchange column using a solvent 
(eluent). {The chromatography column 
can selectively adsorb one or more 
components from the mixture. To ensure 
efficient recovery of these components 
graded elution is used. The eluent is 
changed in a regular manner starting 
with a non-polar solvent and gradually 
replacing it by a more polar one. This 
will wash the strongly polar components 
from the column. 
See column chromatography. 


emission spectrum See spectrum. 


empirical formula The formula of a 
compound showing the simplest ratio of 


emulsion 


the atoms present. The empirical 
formula -is the formula obtained by 
experimental analysis of a compound 
and it can only be related to a molecular 
formula if the molecular weight is 
known. For example P,O; is the empiri- 
cal formula of phosphorus(V) oxide 
although its molecular formula is PO o. 
Compare molecular formula, structural 
formula. 


emulsion A colloid in which a liquid 
phase (small droplets with a diameter 
range 107-107 cm) is dispersed or 
suspended in a liquid medium. Emul- 
sions are classed as lyophobic (solvent- 
repelling and generally unstable) and 
lyophilic (solvent-attracting and gener- 
ally stable). 


enantiomer (enantiomorph) fA com- 
pound whose structure is not superim- 
posable on its mirror image: one of any 
pair of optical isomers. See also isomer- 
ism, optical activity. 


enantiotropy The existence of different 
stable allotropes of an element at 
different temperatures; sulphur, for 
example, exhibits enantiotropy. 
+The phase diagram for an enantiotro- 
pic element has a point at which all the 
allotropes . can coexist in a stable 
equilibrium. At temperatures above or 
below this point, one of the allotropes 
will be more stable than the other(s). 
See also allotropy, monotropy. 


enclosure compound +See clathrate. 


endothermic Describing a process in 
which heat is absorbed (i.e. heat flows 
from outside the system, or the tempera- 
ture falls). The dissolving of a salt in 
water, for instance, is often an endother- 
mic process. Compare exothermic. 


end point See equivalence point, volu- 
metric analysis. | 


energy Symbol: W A property of a 
system; a measure of its capacity to do 
work. Energy and work have the same 


unit: the joule (J). It is convenient to 
divide energy into kinetic energy (energy 
of motion) and potential energy ('stored" 
energy). Names are given to many 
different forms of energy (chemical, 
electrical, nuclear, etc.); the only real 
difference lies in the system under 
discussion. For example, chemical 
energy is the kinetic and potential ener- 
gies of electrons in a chemical 
compound. 


energy level One of the discrete energies 
that an atom or molecule, for instance, 
can have according to quantum theory. 
jThus in an atom there are certain 
definite orbits that the electrons can be 
in, corresponding to definite electronic 
energy levels of the atom. Similarly, a 
vibrating or rotating molecule can have 
discrete vibrational and rotational 
energy levels. 


energy profile A diagram that traces the 
changes in the energy of a system during 
the course of a reaction. 
fEnergy profiles are obtained by plotting 
the potential energy of the reacting 
particles against the reaction coordinate. 
To obtain the reaction coordinate the 
energy of the total interacting system is 
plotted against position for the mole- 
cules. The reaction coordinate is the 
pathway for which the energy is à 
minimum. : 
The energy profile for the hydrogenation 
of an alkene with and without a catalyst 
has certain interesting features: the 
activation energy without the catalyst is 
very much larger than that with the 
catalyst and any point along the horizon- 
tal axis represents the changes that the 
colliding particles experience as atoms 
are separated in bond breaking and aS 


atoms are brought together in bond 
formation. 


enol tAn organic compound containing 
the C:CH(OH) group; i.e. one in which 
a hydroxyl group is attached to the 
carbon of a double bond. See keto-enol 
tautomerism. 


enthalpy Symbol: H +The sum of the 


internal energy (U) and the product of 
pressure ( p) and volume ( V) of a system: 
H-U-tpV 
In a chemical reaction carried out at 
constant pressure, the change in enthalpy 
measured is the internal energy change 
Plus the work done by the volume 
change: 
AH = AU + pAV 


entropy Symbol: S 1In any system that 
undergoes a reversible change, the 
change of entropy is defined as the heat 
absorbed divided by the thermodynamic 
temperature: 

ôS = 6Q/T 
A given system is said to have a certain 
entropy, although absolute entropies are 
seldom used: it is change in entropy that 
is important. The entropy of a system 
Measures the availability of energy to do 
work. 
In any real (irreversible) change in a 
Closed system the entropy increases. 
Although the total energy of the system 
has not changed (first law of ther- 
modynamics) the available energy is less 
— a consequence of the second law of 
thermodynamics. * 
ne concept of entropy has been 

Widened to take in the general idea of 
disorder — the higher the entropy, the 
More disordered the system. For 
instance, a chemical reaction involving 
Polymerization may well have a decrease 
In entropy because there is a change to a 
More ordered system. The ‘thermal’ 
definition of entropy is a special case of 
this idea of disorder — here the entropy 
Measures how the energy transferred is 
distributed amongst the particles of 
Matter, 


?hzyme A protein, with a molecular 
Weight between 10* and 107, that cataly- 
365 a specific biochemical reaction. An 
enzyme mediates the conversion of one 
Substance (the substrate) to another (the 
Product) by combining with the 
Substrate to form an intermediate 
complex. The enzyme molecule is very 
Much larger than the substrate molecule. 

in n m6 differ from inorganic catalysts 

n the following ways: 
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equilibrium 


(1) they have a high degrce of specificity 
— enzymes can even distinguish between 
enantiomorphs; 

(2) an increase in temperature can cause 
a decrease in the rate of reaction as a 
result of the enzyme being denatured; 
(3) they are destroyed by too great a 
change in pH; 

(4) they are inactivated by low concen- 
trations of heavy-metal ions. 


epimerism +A form of isomerism in 
which the isomers (epimers) differ in 
the positions of -OH groups. The a- 
and f- forms of glucose are epimers, 
See sugar. 


epoxide +A type of organic compound 
containing a three-membered ring in 
which two carbon atoms are each 
bonded to the same oxygen atom. 


CHy— CH; 


(0) 


Epoxyethane 


epoxyethane (ethylene oxide, C:H40) 
+A colourless gaseous ether. Epoxye- 
thane has a cyclic structure with a three- 
membered ring. It is made by oxidation 
of ethene over a silver catalyst. The ring 
is strained and the compound is 
consequently highly reactive. It poly- 
merizes to epoxy polymers. Hydrolysis 
produces 1,2-ethanediol. 


Epsom salt See magnesium sulphate. 


equilibrium In a reversible chemical 
reaction: 
A+B=C+D 
The reactants are forming the products: 
A+BoC+D 
which also react to give the original 
reactants: 
C+D>A+B 
The concentrations of A, B, C, and D 
change with time until a state is reached 


at which both reactions are taking place 
at the same rate. The concentrations (or 
pressures) of the components are then 
constant — the system is said to be in a 
state of chemical equilibrium. Note that 
the equilibrium is a dynamic one; the 
reactions still take place but at equal 
rates. The relative proportions of the 
components determine the ‘position’ of 
the equilibrium, which may be displaced 
by changing the conditions (e.g. 
temperature or pressure). 


equilibrium constant In a chemical 
equilibrium of the type 
xA + yB = zC + wD 

The expression: 

IATEBI/[CIHDI* 
where the square brackets indicate 
concentrations, is a constant (K.) when 
the system is at equilibrium. Ke is the 
equilibrium constant of the given reac- 
tion; its units depend on the stoichio- 
metry of the reaction. For gas reactions, 
pressures are often used instead of 
concentration. The equilibrium constant 
is then Kp, where Kp=Ke (R T^. Here n is 
the number of moles of product minus 
the number of moles of reactant; for 
instance, in 

3H; + N; = 2NH; 
nis2-(1 + 3) = -2. 


equipartition of energy +The principle 
that the total energy of a molecule is, on 
average, equally distributed among the 
available degrees of freedom. It is only 
approximately true in most cases. See 
degrees of freedom. 


equivalence point The point in a 
titration at which the reactants have 
been added in equivalent Proportions, 
so that there is no excess of either. It 
differs slightly from the end Point, which 
is the observed point of complete 
Teaction, because of the effect of the 
indicator, errors, etc. 


equivalent weight A measure of 
'combining power" formerly used in 
calculations for chemical reactions, The 
equivalent weight of an element is the 
number of grams that could combine 


with or displace one gram of hydrogen 
(or 8 grams of oxygen or 35.5 grams of 
chlorine). It is the atomic weight divided 
by the valence. For a compound the 
equivalent weight depends on the reac- 
tion considered. An acid, for instance, in 
acid-base reactions has an equivalent 
weight equal to its molecular weight 
divided by the number of acidic hydro- 
gen atoms. 


erbium A soft malieable silvery element 
of the lanthanoid series of metals. It 
occurs in association with other 
lanthanoids. Erbium has uses in the 
metallurgical, nuclear, and glass indus- 
tries. ù 
Symbol: Er; m.p. 1520°C; b.p. 2863°C; 
r.d. 9.07; p.n. 68; r.a.m. 167.26. 


erg tA former unit of energy used in the 
c.g.s. system. It is equal to 10 joule. 


Erlenmeyer flask A conical glass 
laboratory flask with a narrow neck, 


ester A type of organic compound formed 
by reaction between an acid’ and an 
alcohol. If the acid is a carboxylic acid, 
the formula is RCOOR', where R and 
R’ are organic groups, Esters of low- 
molecular weight acids and alcohols are 
volatile fragrant compounds. Esters of 
some long-chain carboxylic acids occur 
naturally in fats and oils. 
fEsters can be prepared by direct 
reaction of acids and alcohols, with a 
dehydrating agent to take out the water 
and displace the equilibrium. Reaction 
of alcohols with acyl halides also gives 
esters. See also carboxylic acid, saponi- 
fication, glyceride. 


esterification +The reaction of an acid 
with an alcohol to form an ester and 
water. The reaction is an equilibrium of 
the form: 
CHCOOH + C;H;OH = CH;COO- 
CiH; + H;O 
In the preparation of esters the ester is 
distilled off or the water is removed to 
increase the yield. The reverse reaction 
is hydrolysis, 


ethanol 
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ethanal (acetaldehyde, CH;CHO) A 
water-soluble liquid aldehyde used as a 
Starting material in the manufacture of 
several other compounds. Ethanal can 
be prepared by the oxidation of ethanol. 
Tlt is manufactured by the catalytic 
oxidation of ethyne with oxygen using 
Copper(II) chloride and palladium(TI) 
chloride as catalysts. The mixture of 
Bases is bubbled through an aqueous 
Solution of the catalysts; the reaction 
involves formation of an intermediate 
eanometallic complex with Pd?* ions. 
ci i dilute acids ethanal polymerizes to 
eed trimer (CjO:Hy( CH)», formerly 
inde paraldehyde), which is a sleep- 
a ucing drug. Below (C ethanal 
fe ramer is formed (C4O4H4(CHi)«, 

rmerly called metaldehyde), which is 


used as a slug poison and a fuel in small 
portable stoves. 


ethane (C:H.) A gaseous alkane obtained 
either from the gaseous fraction of crude 
oil or by the 'cracking of heavier 
fractions. Ethane is the second member 
of the homologous series of alkanes. 


ethane-1,2-diol (ethylene glycol, glycol, 
CH,OH)CHXOH)) A syrupy organic 
liquid commonly used as antifreeze and 
asa starting material in the manufacture 
of Terylene. The compound is manu- 
factured from ethene by oxidation over 
suitable catalysts to form epoxyethane, 
with subsequent hydrolysis to the diol. 


ethanol (ethyl alcohol, alcohol, C;H;OH) 


ethanoyl chloride 


A colourless volatile liquid alcohol. 
Ethanol occurs in intoxicating drinks, in 
which it is produced by fermentation of 
.a Sugar: 
C4H1;0; > 2C;H50H + 2CO; 
Yeast is used to cause the reaction. At 
about 15% alcohol concentration (by 
volume) the reaction stops because the 
yeast is killed. Higher concentrations of 
alcohol are produced by distillation. 
Apart from its use in drinks, alcohol is 
used as a solvent. Formerly, the main 
source was by fermentation of molasses, 
but now catalytic hydration of ethene is 
used to manufacture industrial ethanol. 
Sec also methylated spirits. 


ethanoyl chloride (acetyl chloride, 
CH3COCI) A liquid acy! chloride used 
as an acetylating agent. 


ethanoyl group (acetyl group) The 
group RCO-. 


ethene (ethylene, C,H,) A gaseous 
alkene. Ethene is not normally present 
in the gaseous fraction of crude oil but 
can be obtained from heavier fractions 
by catalytic cracking. This is the prin- 
cipal industrial source. The compound 
is important as a starting material in the 
organic-chemicals industry (e.g. in the 
manufacture of ethanol) and as the 
Starting material for the production of 
polythene. Ethene is the first member of 
the homologous series of alkenes, 


o: 
A eZ ORE 
Ether 


ether A type of organic compound 
containing the group -O-. Simple ethers 
have the formula R-O-R', where R and 
R’ are alkyl or aryl groups, which may 
or may not be the same. They are either 
Bases or very volatile liquids and are 
very flammable. The commonest exam- 
ple is ethoxyethane (diethylether, 
CiH:OC;H;) used formerly as an 
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anaesthetic. Ethers now find application 
as solvents. 

TEthers are prepared in the laboratory 
by the dehydration of alcohols with 
concentrated sulphuric acid. An excess 
of alcohol is used to ensure that only 
one molecule of water is removed from 
each pair of alcohol molecules. They are 
generally unreactive, but the C-O bond 
can be cleaved by reaction with HI or 
PCL.. 


ethoxyethane (ether, diethylether, 
C,HsOC;Hs) A colourless volatile 
liquid. Ether is well known for its 
characteristic smell and anaesthetic 
properties, also for its extreme flam- 
mability. It still finds some application 
as an anaesthetic when more modern 
materials are unsuitable; it is also an 
excellent solvent. {Its manufacture is an 
extension of the laboratory synthesis: 
ethanol vapour is passed into a mixture 
Of excess ethanol and concentrated 
sulphuric acid at 140°C, 
C;H:OH + HS0; > 
C:H..O.S0.0H + H,O 
C:H:0.S0..0H + C;HiOH + 
C:H;OC;H; + H;SO, 


ethyl acetate See ethyl ethanoate, 

ethyl alcohol See ethanol. . 

ethylamine (aminoethane, CiHiNH;) fA 
colourless liquid amine. It can be 
prepared from chloroethane heated with 
concentrated aqueous ammonia: 
CiH:CI + NH; > C;HSNH; + HCI 
It is used in manufacturing certain dyes. 

ethyl bromide See bromoethane. 

ethyl chloride See chloroethane. 

ethylene See ethene, 


ethylenediaminetetracetic acid +See 
edta. 


ethylene oxide +See epoxyethane. 


ethyl ethanoate (ethyl acetate, C;H.O- 
OCCH)) An ester formed from ethanol 


and ethanoic acid. It is a fragrant liquid 
used as a solvent for plastics and in 
flavouring and perfumery. 


ethyl iodide See iodoethane. 


ethyne (acetylene, C;H;) A gaseous 
alkyne. Traditionally ethyne has found 
use in oxy-acetylene welding torches, 
Since its combustion with oxygen 
produces a flame of very high tempera- 
ture. It is also important in the organic 
chemicals industry for the production of 
chloroethene (vinyl chloride), which is 
the starting material for the production 
of polyvinyl chloride (PVC), and for the 
Production of other vinyl compounds. 
TUntil recently, ethyne was manufac- 
lured by the synthesis and subsequent 
hydrolysis of calcium dicarbide, a very 
expensive procedure. Modern methods 
increasingly employ the cracking of 
alkanes. 


eudiometer An apparatus for the 


volumetric analysis of gases. 


europium A silvery element of the 
lanthanoid series of metals. It occurs in 
association with other lanthanoids. Its 
main use is in a mixture of europium 
and yttrium oxides widely employed as 
the red phosphor in television screens. 
Symbol: Eu; m.p. 822°C; b.p. 1597°C; 
r.d. 5.24; p.n. 63; r.a.m. 151.96. 


Eutectic A mixture of two substances in 
Such proportions that no other mixture 
of the same substances has a lower 
freezing point. 

*lf a solution containing the propor- 
tions of the eutectic is cooled no solid is 
deposited until the freezing point of the 
Cutectic is reached, when two solid 
phases are simultaneously deposited in 
T same proportions as the mixture; 
i se two solid phases form the eutectic. 

One of the substances is water the 
eutectic can also be referred to as a 
cryohydrate, 


83 


exothermic 


evaporation 1. A change of state from 
liquid to gas (or vapour). Evaporation 
can take place at any temperature, the 
rate increasing with temperature. Some 
molecules in the liquid have enough 
energy to escape into the gas phase (if 
they are near the surface and moving in 
the right direction). Because these are 
the molecules with higher kinetic ener- 
gies, evaporation results in a cooling of 
the liquid. 
2. A change from solid to vapour, 
especially one occurring at high 
temperatures close to the melting point 
of the solid. Thin films of metal can be 
evaporated onto a surface in this way. 


exa- Symbol: E A prefix denoting 10!*. 


excitation The process of producing an 
excited state of an atom, molecule, etc. 


excitation energy +The energy required 
to change an atom, molecule, etc. from 
one quantum state to a state with a 
higher energy. The excitation energy 
(sometimes called excitation potential) 
is the difference between two energy 
levels of the system. 


excited state fA state of an atom 
molecule, or other system, with an 
energy greater than that of the ground 


state. Compare ground state. 


exclusion principle +The principle, 
enunciated by Pauli in 1925, that no two 
electrons in an atom could have an 
identical set of quantum numbers. 


exothermic Denoting a chemical reac- 
tion in which heat is evolved (ie. heat 
flows from the system or the temperature 
rises). Combustion is an example of an 
exothermic process. Compare endother- 


mic. 


face-centred cubic crystal 


E 


face-centred cubic crystal (f.c.c.) A 

crystal structure in which the unit cell 
has atoms, ions, or molecules at each 
comer and each face centre of a cube 
(also called cubic close-packed). It has a 
coordination number of 12. The struc- 
ture is close-packed and made up of 
layers of atoms in which each atom is 
Surrounded by six others arranged 
hexagonally. Copper and aluminium 
have face-centred cubic structures. 
{The layers are packed one on top of 
the other, with the second layer fitting 
into the holes of the first layer. The 
third layer is in a different set of holes 
formed by the second layer. If the layers 
are designated A, B, C, the packing is 
ABCABC in contrast to hexagonal close 
packing, in which the layers are arranged 
ABABAB. 


Fahrenheit scale A temperature scale in 
which the ice temperature is taken as 
32° and the steam temperature is taken 
as 212° (both at standard pressure). The 
scale is not used for scientific purposes. 
To convert between degrees Fahrenheit 
(F) and degrees Celsius (C) the formula 

C/5 = (F- 32)/9 
is used. See also temperature scale, 


Fajan's rules tRules that deal with 
variations in the degree of covalent 
Character in ionic compounds in terms 
of polarization effects. Decrease in size 
and increase in charge for cations is 
regarded as making them more polar- 
izing and for anions an increase in both 
charge and size makes them more 
polarizable. Thus covalent character is 
said to increase with increasing polar- 
izing power of the cation and/or 
increasing polarizability of the anion 
(originally rules 1 and 2). Fajan's third 
rule states that covalent character is 
greater for cations with a non-inert gas 
configuration than for those with a 
complete octet, charge and size being 
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approximately equal. For example, Cu* 
is more polarizing than Na* (approxi- 
mately the same size) because the d- 
electrons around Cu* do not shield the 
nucleus as effectively as the complete 
octet in Na* 


farad Symbol: F The SI unit of 
capacitance. When the plates of a 
capacitor are charged by one coulomb 
and there is a potential difference of one 
volt between them, then the capacitor 
has a capacitance of one farad. 1 F = | 
CV-'. 1 farad = 1 coulomb volt:' 
(C v7). 


faraday Symbol: F tA unit of electric 
charge equal to the charge required to 
discharge one mole of a singly charged 
ion. One faraday is 9.648670 x 10* 
coulombs, Sec Faraday's laws. 


Faraday constant +See Faraday's laws. 


Faraday's laws (of electrolysis) Two 
laws resulting from the work of Michael 
Faraday on electrolysis: 

(1) The amount of chemical change 
produced is proportional to the electric 
charge passed. 

(2) The amount of chemical change 
produced by a given charge depends on 
the ion concerned. tMore strictly it is 
proportional to the relative ionic mass 
of the ion, and the charge on it. Thus 
the charge Q needed to deposit m grams 
of an ion of relative ionic mass, M, 
carrying a charge Z is given by: 


Q = FmZ/M 
F, the Faraday constant, has a value of 
one faraday, ie. 9.648670 x 10 


coulombs. 
fatty acid See carboxylic acid, 
f.c.c. See face-centred cubic crystal. 


Fehling’s solution +A solution used to 
test for the aldehyde group (-CHO). It 
is a freshly made mixture of copper(II) 
sulphate solution with alkaline potas- 
sium sodium 2,3-dihydroxybutanedioate 
(tartrate). The aldehyde, when heated 
with the mixture, is oxidized to a 


carboxylic acid, and a red precipitate of 
copper(I) oxide and copper metal is 
produced. The tartrate is present to 
complex with the original copper(II) 
ions to prevent precipitation of cop- 
per(II) hydroxide. 


femto- Symbol: f A prefix denoting 10°'*. 
For example, 1 femtometre (fm) = 
10-'$ metre (m). 


fermentation +A chemical reaction 
produced by microorganisms (moulds, 
bacteria, or yeasts). A common example 
is the formation of ethanol from sugars: 
CHO, — 2C;H40H + 2CO: 


fermi tA unit of length equal to 107* 
metre. It was formerly used in atomic 
and nuclear physics. 


fermium A radioactive transuranic 
element of the actinoid series, not found 
naturally on Earth. Several short-lived 
isotopes have been synthesized. 
Symbol: Fm; p.n. 100; stablest isotope 
?P?Fm (half-life 80 days). 


ferric chloride See iron(11I) chloride. 
ferric oxide See iron(1II) oxide. 
ferric sulphate See iron(II) sulphate. 


ferrocene (Fe(CsHs)2) tAn orange 
crystalline solid, It is an example of a 
sandwich compound, in which an 
iron(II) ion is coordinated to two 
cyclopentadienyl ions. The bonding 
involves overlap of d orbitals on the 
iron with the pi electrons in the cyclo- 
Pentadienyl ring. The compound melts 
at 173°C, is soluble in organic solvents, 
and can undergo substitution reactions 
on the rings. It can be oxidized to the 
blue'cation (C«H:);Fe *. The systematic 
name is di-7-cyclopentadienyl iron(II). 


ferromagnetism +See magnetism, 
ferrosoferric oxide See triiron tetroxide. 


ferrous chloride See iron(1I) chloride. 
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firedamp 
ferrous oxide See iron(II) oxide. 
ferrous sulphate See iron(II) sulphate. 


filler A solid material used to modify the 
physical properties or reduce the cost of 
synthetic compounds, such as rubbers, 
plastics, paints, and resins. Slate powder, 
glass fibre, mica, and cotton woo! are all 
used as fillers. 


filter pump A type of vacuum pump in 
which a jet of water forced through a 
nozzle carries air molecules out of the 
system. Filter pumps cannot produce 
pressures below the vapour pressure of 
water. They are used in the laboratory 
for vacuum filtration, distillation, and 
similar techniques requiring a low-grade 
vacuum. 


filtration The process of removing 
suspended particles from a fluid by 
passing or forcing the fluid through a 
porous material (the filter). In labora- 
tory filtration, filter paper or sintered 
glass is commonly used. 


fine organic chemicals Carbon com- | 
pounds, such as pesticides, dyes, and 
drugs, produced only in small quan- 
tities. Their main requirement is that 
they must have a high degree of purity, 
often as high as 95%. They are manufac- 
tured for special purposes, e.g. for use in 
spectroscopy, pharmacology, and elec- 
tronics. 


fine structure 1Closely spaced lines seen 
at high resolution in a spectral line or 
band. Fine structure may be caused by 
vibration of the molecules or by electron 
spin. Hyperfine structure, seen at very 
high resolution, is caused by the atomic 
nucleus affecting the possible energy 
levels of the atom. 


firedamp Methane occurring in coal 
mines. Explosions can occur if quan- 
tities of methane accumulate. The air 
left after an explosion is called black- 
damp. Afterdamp is the poisonous 
carbon monoxide formed. 


first-order reaction 


first-order reaction A reaction in which 
the rate of reaction is proportional to 
the concentration of one of the reacting 
substances, The concentration of the 
reacting substance is raised to the power 
one; ie. rate = K[A]. For example, the 
decomposition of hydrogen peroxide is 
a first-order reaction, 

rate = k[H;0O;] 
Similarly the rate of decay of radioactive 
material is a first-order reaction, 
rate = k [radioactive material] 

+For a first-order reaction, the time for 
a definite fraction of the reactant to be 
consumed is independent of the original 
concentration. The units of k, the rate 
constant, are s`'. 


Fischer-Tropsch process +The cataly- 
tic hydrogenation of carbon monoxide 
in the ratio of 2:1 hydrogen to carbon 
monoxide at 200°C to produce hydro- 
carbons, especially motor fuel. The 
carbon monoxide is derived from water 
gas, which uses coal or natural gas as a 
source of carbon, and the catalyst is 
finely divided nickel. The process was 
extensively used in Germany during 
World War II and is still used in coun- 
tries in which crude oil is not an easily 
available source of motor fuel. 


Fittig reaction +See Wurtz reaction. 


fixation See nitrogen fixation. 


Flame test colours 


Element Flame colour 
barium green 
calcium brick red 
lithium crimson 
potassium pale lilac 
sodium yellow 
strontium red 


flame test A preliminary test in qualita- 
tive analysis in which a small sample of 
a chemical is introduced into a non- 
luminous bunsen flame on a clean 
platinum wire. The flame vaporizes part 
of the sample and excites some of the 
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atoms, which emit light at wavelengths 
characteristic of the metallic elements in 
the sample. Thus the observation of 
certain colours in the flame indicates the 
presence of these elements. The same 
principles are applied in the modern 
instrumental method of spectrographic 
analysis. 


flare stack A chimney at the top of 
which unwanted gases are burnt. 


flash photolysis fA technique for 
investigating free radicals in gases. The 
gas is held at low pressure in a long 
glass or quartz tube, and an absorption 
spectrum taken using a beam of light 
passing down the tube. The gas can be 
subjected to a very brief intense flash of 
light from a lamp outside the tube, 
producing free radicals, which are iden- 
tified by their spectra. Measurements of 
the intensity of spectral lines can be 
made with time using an oscilloscope, 
and the kinetics of very fast reactions 
can thus be investigated. 


flash point The lowest temperature at 
which sufficient vapour is given off by a 
flammable liquid to ignite in the 
presence of a spark. 


fluorescein +A fluorescent dye used as 
an absorption indicator. 


fluorescence The absorption of energy 
by atoms, molecules, etc., followed by 
immediate emission of electromagnetic 
radiation as the particles make tran- 
sitions to lower energy states, 


fluoridation The introduction of small 
quantities of fluoride compounds into 
the water supply as a public-health 
measure to reduce the incidence of tooth 
decay in children. 


fluoride See halide. 


fluorination See halogenation. 


fluorine A slightly greenish-yellow highly 
reactive gaseous element belonging to 
the halogens (group VII of the periodic 


table). It occurs notably as fluorspar 
(CaF;) and cryolite (Na;AIF;) but traces 
are also widely distributed with other 
minerals. It is slightly more abundant 
than chlorine, accounting for about 
0.065% of the Earth’s crust. The high 
reactivity of the clement delayed its 
isolation. Fluorine is now prepared by 
electrolysis of molten KF/HF electroly- 
tes, using copper or steel apparatus. Its 
preparation by chemical methods is 
impossible. 

Fluorine compounds are used in the 
steel industry, glass and enamels, uran- 
ium processing, aluminium production, 
and in a range of fine organic chemicals. 
Fluorine is the most reactive and most 
electronegative element known; in fact 
it reacts directly with almost all the 
clements, including the noble gas xenon. 
As the most powerful oxidizing agent 
known, it has the pronounced character- 
istic of bringing out the higher oxidation 
states when combined with other 
elements. Ionic fluorides contain the 
small F- ion, which is very similar to 
the O% ion. With the more elec- 
tronegative elements, fluorine forms an 
extensive range of compounds, e.g. SF. 
NF), and PFs, in which the bonding is 
essentially covalent. A vast number of 
organic compounds are known in which 
hydrogen may be replaced by fluorine 
and in which the C-F bond is character: 
istically very stable, €g- CF; =CF 
C.H,F;, and ‘CF\COOH; the bonding is 
again essentially covalent. 

Fluorine reacts explosively with hydro- 
gen, even in the dark, to form hydrogen 
fluoride, HF, which polymerizes as a 
result of hydrogen bonding and has a 
boiling point very much higher than 
that of HCI (HF b.p. 19C; HCl. b.p- 
=85°C, 

Unlike the other halogens, fluorine does 
not form higher oxides or oxyacids; 
Oxygen difluoride in fact reacts with 
water to give hydrogen fluoride. 
TFluorine is strongly electronegative 
and exhibits a strong electron with- 
drawing effect on adjacent bonds, thus 
CF,COOH is a strong acid (whereas 
CH,COOH is not). Although the coor- 
dination number seldom exceeds one 
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fluxional molecule 


there are cases in which fluorine bridging 
occurs, e.g. (SbF.), The element is 
sufficiently reactive to combine directly 
with the noble gas xenon at 400°C to 
form XeF; and XeF«. At 600°C and high 
pressure it will even form XeF.. 
Fluorine and hydrogen fluoride are 
extremely dangerous and should only be 
used in purpose-built apparatus; gloves 
and face shields should be used when 
working with hydrofluoric acid and 
accidental exposure should be treated as 
a hospital emergency. 

Symbol: F; b.p. ~118°C; m.p. -223°C; d. 
1.696 kg m^; p.n. 9; r.a.m. 18.99840. 


fluorite structure tSce calcium-fluoride 
structure, 


fluorocarbon A compound derived from 
a hydrocarbon by replacing hydrogen 
atoms with fluorine atoms. Fluorocar- 
bons are unreactive and most are stable 
up to high temperatures, They have a 
variety of uses — in aerosol propellants, 
oils and greases, and synthetic polymers 
such as PTFE. 


fluorspar A naturally occurring form of 
calcium fluoride, CaF;. 


flux 1. A substance used to keep metal 
surfaces free of oxide in soldering. See 
solder. 
2. A substance used in smelting metals 
to react with silicates and other impuri- 
ties and form a low-melting slag. 


flux See solder. 


fluxional molecule tA molecule in 
which the constituent. atoms change 
their relative positions so quickly at 
room temperature that the normal 
concept of structure is inadequate; i.e. 
no specific structure exists for longer 
than about 10°? second and the relative 
positions become indistinguishable. For 
example CIF; at -60C has a distinct "T" 
shape but at room temperature the 
fluorine atoms are visualized as moving 
rapidly over the surface of the chlorine 
atom in a state of exchange and are 
effectively identical. 


formaldehyde 

formaldehyde See methanal. 
formalin See methanal. 
formate See methanoate. 
formic acid See methanoic acid. 


formula A representation of a chemical 
compound using symbols for the atoms 
and subscript numbers to show the 
numbers of atoms present. See empirical 
formula, molecular’ formula, structural 
formula. 


formyl group The group HCO-. 


fraction A mixture of liquids with similar 
boiling points collected by fractional 
distillation. 


fractional crystallization Crystalliza- 
tion of one component from a mixture 
in solution. When two or more substan- 
ces are present in a liquid (or in 
solution), on cooling to a lower tempera- 
ture one substance will preferentially 
form crystals, leaving the other sub- 
stance in the liquid (or dissolved) state. 
Fractional crystallization can thus be 
used to purify or Separate substances if 
the correct conditions are known. 


fractional distillation (fractionation) A 

distillation carried out with partial 
reflux, using a long vertical column 
(fractionating column). It utilizes the 
fact that the vapour phase above a 
liquid mixture is generally richer in the 
more volatile component. If the region 
in which refluxing occurs is sufficiently 
long, fractionation Permits the complete 
separation of two or more volatile 
liquids. Fractionation is the fundamen- 
tal process for Producing petroleum 
from crude oil. 
TUnlike normal reflux, the. fractionating 
column may be insulated to reduce heat 
loss, and special designs are used to 
maximize the liquid-vapour interface. 


francium A radioactive element of the 
alkali-metal group. It is found on Earth 
only as a short-lived product of radioac- 
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tive decay, Occurring in uranium ores in 
minute quantites. 16 radioisotopes of 
francium are known, 

Symbol: Fr; m.p. 27°C; b.p. 677°C; p.n. 
87; stablest isotope ?? Fr. 


free energy tA measure of the ability of 
a system to do useful work. See Gibbs 
function, Helmholtz function. 


free radical An atom or group of atoms 
with a single unpaired electron, Free 
radicals are produced by breaking a 
covalent bond; for example: 

CH;CI > CH» + Cl 

They are often formed in light-induced 
reactions. Free radicals are extremely 
reactive and can only be stabilized and 
isolated under special conditions. 


freezing The process by which a liquid is 
converted into a solid by cooling; the 
reverse of melting. 


freezing mixtures Two or more substan- 
ces mixed together to prduce a low 
temperature. A mixture of sodium 
chloride and ice in- water (-20°C) is a 
common example. 


freezing point The temperature at which 
a liquid is in equilibrium with its solid 
phase at standard pressure and below 
which the liquid freezes or solidifies. 
This temperature is always the same for 
a particular liquid and is numerically 
equal to the melting point of the solid. 


Friedel-Crafts reaction TA method for 
the substitution of an alkyl or acyl 
group onto a benzene ring. The aromatic 
hydrocarbon (e.g. benzene) is refluxed 
with a haloalkane or acyl halide using 
aluminium chloride catalyst. The pro- 
duct is an alkylarene, eg.: 

CH, + CHI ^ C;HCH; * HI 
or a ketone, for example; ` 
CH» + CH;COCI > CsH;COCH, + 

HCI 


The aluminium chloride accepts a lone 
pair of electrons on the chlorine, 
polarizing the chloroalkane to Produce 
Positive charge on the carbon. Electro- 
Philic substitution then occurs. 


froth flotation +An industrial technique 
for separating the required parts of ores 
from unwanted gangue. The mineral is 
pulverized and mixed with water, to 
which a frothing agent is added. The 
mixture is acrated and particles of one 
constituent are carried to the surface by 
bubbles of air, which adhere preferen- 
tially to one of the constituents. Various 
additives are also used to modify the 
Surface properties of the particles (e.g. 
to increase the adherence of air bubbles). 


fructose (C,H;;O;) A sugar found in 
fruit juices, honey, and cane sugar. flt is 
a ketohexose, existing in a pyranose 
form when free. In combination (e.g. in 
sucrose) it exists in the furanose form. 


fuel cell A type of cell in which fuel is 
converted directly into electricity. fIn 
One form, hydrogen gas and oxygen gas 
are fed to the surfaces of two porous 
nickel electrodes immersed in potassium 
hydroxide solution. The oxygen reacts 
to form hydroxyl (OH-) ions, which it 
releases into the solution, leaving a 
positive charge on the electrode. The 
hydrogen reacts with the OH- ions in 
the solution to form water, giving up. 
electrons to leave a negative charge on 
the other electrode. Large fuel cells can 
generate tens of amperes. Usually the 
€.m.f, is about 0.9 volt and the efficiency 
around 60%. 


fuller's earth A natural clay used as an 
absorbent and industrial catalyst. 


fumaric acid +See butenedioic acid. 


functional group A group of atoms in a 
compound that is responsible for the 
characteristic reactions of the type of 
compound. Examples are: 

alcohol -OH 

aldehyde -CHO 

amine -NH3 

ketone .CO. 

carboxylic acid -CO.OH 

acyl halide -CO.X (X = halogen) 
nitro compound -NO2 

sulphonic acid -SO;OH ` 

Nitrile -CN 


gallium 


diazonium salt -N2* 
diazo compound -N =N- 


fundamental units The units of length, 
mass, and time that form the basis of 
most systems of units. In SI, the 
fundamental units are the metre, the 
kilogram, and the second. See also base 
unit. 


furanose +A sugar that has a five- 
membered ring (four carbon atoms and 
one oxygen atom). See also sugar. 


fused Describing a solid that has been 
melted and solidified into a single mass. 
Fused silica, for example, is produced 
by melting sand. 


fused ring +See ring. 


fusion Melting. 
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gadolinium A ductile malleable silvery 
element of the lanthanoid series of 
metals. It occurs in association with 
other lanthanoids. Gadolinium is used 
in alloys, magnets, and in the electronics 
industry. 
Symbol: Gd; m.p. 1313°C; b.p. 3266°C; 
r.d. 7.9; p.n. 64; r.a.m. 157.25. 


galactose (CcHi:04) A sugar found in 
lactose and many polysaccharides, It is 
an aldohexose, isomeric with glucose. 
See also sugar. 


galena (lead glance) A mineral form of 
lead(II) sulphide. It is the principal ore 
of lead. 


gallium A soft silvery low-melting metal- 
lic element belonging to group III of the 
periodic table. It is found in minute 
quantities in several ores, including zine 
blende (ZnS) and bauxite (Al,0).H20). 
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galvanic cell 


Gallium is used in low-melting alloys, 
high-temperature thermometers, and as 
a doping impurity in semiconductors. 
Gallium arsenide is a semiconductor 
finding increasing use in electronics. 
Symbol: Ga; m.p. 29.78°C; b.p. 2403°C; 
r.d. 5.90 (solid), 6.09 (liquid); p.n. 31; 
r.a.m. 69.72. 


galvanic cell See cell. 


galvanizing A process for coating steel 
with zinc by dipping in a bath of molten 
zinc, or by electrodeposition. The zinc 
Protects the steel from corrosion, 


gamma radiation A form of electromag- 
netic radiation emitted by changes in 
the nuclei of atoms. Gamma waves have 
very high frequency (short wavelength). 
Gamma radiation shows particle proper- 
ties much more often than wave proper- 
ties. The energy of a gamma photon, 
given by 

W= hy 

(where h is the Planck constant) can be 
very high. A gamma photon of 1024 Hz 
has an energy of 6.6 x 10°! J, See also 
electromagnetic radiation. 


gamma rays Streams of gamma radia- 
tion. 


gangue The rock or other undesirable 
material occurring in an ore. 


E 

gas The state of matter in which forces of 
attraction between the Particles of a 
substance are small. The Particles have 
freedom of movement and Gases, there- 
fore, have no fixed shape or volume. 
+The atoms and molecules of a gas are 
in a continual state of motion and are 
continually colliding with each other 
and with the walls of the containing 
vessel. These collisions with the walls 
create the pressure of a gas. 


gas chromatography A technique 
widely used for the separation and 
analysis of mixtures. Gas chromato- 
graphy employs a column packed with 
either a solid stationary phase (gas-solid 
chromatography or GSC) or a solid 


coated with a non-volatile liquid (gas- 
liquid chromatography or GLC). The 
whole column is placed in a ther- 
mostatically controlled heating jacket. A 
volatile sample is introduced into the 
column using a syringe, and an unreac- 
tive carrier gas, such as nitrogen, passed 
through it. The components of the 
sample will be carried along in this 
mobile phase. However, some of the 
components will cling more readily to 
the stationary phase than others, either 
because they become attached to the 
solid surface or because they dissolve in 
the liquid. The time taken for different 
components to pass through the column 
is characteristic and can be used to 
identify them. The emergent sample is 
passed through a detector, which 
registers the presence of the different 
components in the carrier gas. 

+Two types of detector are in common 
use: the katharometer, which measures 
changes in thermal conductivity, and the 
flame-ionization detector, which turns 
the volatile components into ions and 


registers the change in electrical conduc- 
tivity. 


gas constant (universal gas constant) 

Symbol: R The universal constant 
8.31434 Jmol-'K-! appearing in the 
equation of state for an ideal gas. 


gaseous diffusion separation A techni- 
que for the separation of gases that 
relies on their slightly different atomic 
masses. For example, the isotopes of 
uranium (U and ?"U) can be 
Separated by first preparing uranium 
hexafluoride from uranium ore. If this is 
then made to pass through a series of 
fine pores, the molecules containing the 
lighter isotope of uranium will pass 
through more slowly. As the gases pass~ 
through successive ‘diaphragms’, the 
proportion of lighter molecules increases 
and a separation of over 99% is attain- 
able. This method has also been applied 


to the separation of the isotopes of 
hydrogen. 


gas laws Laws relating the temperature, 
pressure, and volume of a fixed mass of 


gas. The main gas laws are Boyle's law 
and Charles’ law. The laws are not 
obeyed exactly by any real gas, but 
many common gases obey them under 
certain conditions, particularly at high 
temperatures and low pressures. A gas 
that would obey the laws over all 
pressures and temperatures is a perfect 
or ideal gas. 
fBoyle's and. Charles’ laws can be 
combined into an equation of state for 
ideal gases: 

PVm = RT 
Where V4 is the molar volume and R 
the molar gas constant. For n moles of 
gas 

pV =nRT 
All real gases deviate to some extent 
from the gas laws, which are applicable 
only to idealized systems of particles of 
negligible volume with no intermole- 
cular forces. There are several modified 
equations of state that give a better 
description of the behaviour of real 
Bases, the best known being the van der 
Waals equation. 


gas-liquid chromatography See gas 
chromatography. 


asoline See petroleum. 


8as-solid chromatography See gas 
chromatography. 


gauche conformation +See confor- 
mation. 


Bauss Symbol; G +The unit of magnetic 
flux density in the c.g.s. system. It is 
equal to 10° tesla. 


Gay-Lussac’s law 1. Gases react in 
volumes that are in simple ratios to each 
Other and to the products if they are 
gases (all volumes measured at the same 
temperature and pressure). 

2. See Charles’ law. 


gel A lyophilic colloid that is normally 
stable but may be induced to coagulate 
partially under certain conditions (e.g. 
lowering the temperature). This pro- 
duces a pseudo-solid or easily defor- 


giga- 
mable jelly-like mass, called a gel, in 
which intertwining particles enclose the 
whole dispersing medium. Gels may be 
further subdivided into elastic gels (e.g. 
gelatin) and rigid gels (e.g. Silica gel). 


gel filtration +See molecular sieve. 


gem positions {Positions in a molecule 

on the same atom. For example, 
1,1-dichloroethane (CH;CHCh) is a 
gem dihalide. 


geometrical isomerism See isomerism. 


germanium A hard brittle grey metalloid 
element belonging to group IV of the 
periodic table. It is found in sulphide 
ores such as argyrodite (4Ag;S.GeS;) 
and in zinc ores and coal. Germanium 
was extensively used in early semicon- 
ductor devices but has now been largely 
superseded by silicon. It is used as an 
alloying agent, catalyst, phosphor, and 
in infrared equipment. 
Symbol: Ge; m.p. 937.4°C; b.p. 2830°C; 
r.d. 5.32; p.n. 32; r.a.m. 72.59. 


germanium(IV) oxide (GeO; A 
compound made by strongly heating 
germanium in air or by hydrolysing 
germanium(IV) chloride. It occurs in 
two forms. One is slightly soluble in 
water forming an acidic solution; the 
other is insoluble in water. Germanium 
oxide dissolves in alkalis to form the 
anion GeO;*> 


German silver See nickel-silver. 


Gibbs function (Gibbs free energy) 
Symbol: G TA thermodynamic function 
defined by 

G=H-TS 

where H is the enthalpy, T the ther- 
modynamic temperature, and S the 
entropy. It is useful for specifying the 
conditions of chemical equilibrium for 
reactions for constant temperature and 
pressure (G is a minimum). See also 
free energy. 


giga- Symbol: G A prefix denoting 10°. 


glacial ethanoic 


For example, 1 gigahertz (GHz) = 10° 
hertz (Hz). 


glacial ethanoic (acetic) acid Pure 
water-free ethanoic acid. 


glass A hard transparent material made 
by heating calcium oxide (lime), sodium 
carbonate, and sand (silicon(IV) oxide). 
This produces a calcium silicate — the 
normal type of glass, called soda glass. 
Special types of glass can be obtained by 
incorporating boron oxide in the glass 
(borosilicate glass, used for laboratory 
apparatus) or by including metals other 
than calcium, e.g. lead or barium. 
{Glass is an amorphous substance, in 
the sense that there is no long-range 
ordering of the atoms on a lattice. It can 
be regarded as a supercooled liquid, 
which has not crystallized. Solids with 
similar non-crystalline structures are 
also called glasses. 


Glauber’s salt See sodium sulphate. 


GLC Gas-liquid chromatography. See 
gas chromatography. 


glucose (dextrose, grape sugar, C4Hi;0,) 
A monosaccharide occurring widely in 
nature as D-glucose. It occurs as glucose 
units in sucrose, starch, and cellulose. It 
is important to metabolism as it parti- 
Cipates in energy-storage and energy- 
release systems. See also sugar. 


glutamic acid +See amino acids. 
glutamine +See amino acids, 


glyceride +An ester formed between 
glycerol (propane-1,2,3-triol) and one or 
more carboxylic acids. Glycerol has 
three alcohol groups, and if all three 
groups have formed esters, the com- 
pound is a triglyceride. Naturally 
Occurring fats and oils are triglycerides 
of long-chain carboxylic acids (hence 
the name ‘fatty acid’). The main 
carboxylic acids occurring in fats and 
oils are: 
octadecanoic acid (stearic acid), a 
saturated acid CH;(CH2),,COOH. 


hexadecanoic acid (palmitic acid), a 
saturated acid CH;(CH2),4COOH. 
cis-9-octadecenoic acid (oleic acid), an 
unsaturated acid 
(CH;(CH2);CH:CH(CH:);COOH 


glycerine (glycerin) See propane-1,2,3- 
_ tnol. 


glycerol See propane-1,2,3-triol. 
glycine +See amino acids. 


glycogen (animal starch) fA polysac- 
charide that is the main carbohydrate 
store of animals. It is composed of many 
glucose units linked in a similar way to 
starch. Glycogen is readily hydrolysed 
in a stepwise manner to glucose itself. It 
is stored largely in the liver and in 
muscle but is found widely distributed. 


glycol +See diol. 


gold A transition metal that occurs native, 
It is unreactive and is very ductile and 
malleable. Gold is used in jewellery, 
often alloyed with copper. Pure gold is 
24 carat; 9 carat indicates that 9 parts in 
24 consist of gold. 
Symbol: Au; m.p. 1063°C; b.p. 2710°C; 
r.d. 19.3; p.n. 79; ra.m. 196.97. 


gold(III) chloride (gold trichloride, 
auric chloride, AuCl;) A compound 
Prepared by dissolving gold in aqua 
regia. The bright yellow crystals 
(chloroauric acid) produced on evapora- 
tion are heated to form dark red crystals 
of gold(III) chloride. The chloride 
decomposes easily (at 175°C) to give 
gold(I) chloride and chlorine; at higher 
temperatures it decomposes to give gold 
and chlorine. Gold(III) chloride is used 
in photography. flt exists as a dimer, 
AuiCh. 


Goldschmidt process +A process for 
extracting certain metals from their 
oxides by reduction with aluminium. 


Graham's law (of diffusion) The prin- 
ciple that gases diffuse at a rate that is 
inversely proportional to the square 


root of their density. Light molecules 
diffuse faster than heavy molecules. The 
principle is used in the separation of 
isotopes. 


grain A crystal in a metal that has been 


prevented from attaining its regular 
geometrical form. 


gram Symbol: g A unit of mess defined 
as 10-3 kilogram.” 


gram-atom See mole. 


gram-equivalent The equivalent weight 
of a substance in grams. 


gram-molecule See mole. 


granulation A process for enlarging 
Particles to improve the flow properties 
of solid reactants and products in 
chemical processes. The larger a parti- 
cle, and the freer from fine materials in 
a solid, the more easily will it flow. Dry 
granulation produces pellets from dry 
materials, which are crushed into the 
desired size. Wet granulation involves 
the addition of a liquid to the material, 
and the resulting paste is extruded and 
dried before cutting into the required 
size. 


grape sugar See dextrose. 


graphite An allotrope of carbon. 
Graphite is a good conductor of heat 
and electricity. The atoms are arangi 
in layers, Graphite is used as a solid 
lubricant. See also carbon. 


gravimetric analysis A method of 
quantitative analysis in which the final 
analytical measurement is made by 
weighing. There are many variations in 

he method but in essence they all consist 

ot: 

(1) taking an accurately weighed sample 

into solution, 

(2) precipitation as a known compound 

by a quantitative reaction, 


group 


(3) digestion and coagulation pro- 
cedures, 

(4) filtration and washing, 

(5) drying and weighing as a pure 
compound. 

Filtration is a key element in the method 
and a variety of special filter papers and 
sinter-glass filters are available. 


gray Symbol: Gy {The SI unit of absor- 
bed energy dose per unit mass resulting 
from the passage òf ionizing radiation 
through living tissue. One gray is an 
energy absorption of one joule per kilo- 
gram of mass. 


Grignard reagent fA type of organo- 
metallic compound with the general 
formula RMgX, where R is an alkyl or 
aryl group and X is a halogen (e.g. 
CH;MgCl). They are prepared by reac- 
ting the haloalkane or haloaryl com- 
pound with magnesium in dry ether: 

CH3CI + Mg ^ CH;MgCI 
Grignard reagents probably have the 
form R;Mg.MgCl;. They are used exten- 
sively in organic chemistry: 

With methanal a primary alcohol is 


produced: 

RMgX + HCHO > RCH,0H + 
Mg(OH)X 

Other aldehydes give secondary alco- 
hols: 
RMgX + 
Mg(OH)X T M 
Alcohols and carboxylic acids give 
hydrocarbons: 

RMgX + R'OH > RR’ + Mg(OH)X 
Water also gives a hydrocarbon: 

RMgX + H,0 > RH + Mg(OH)X 
Solid carbon dioxide in acid solution 
gives 2 carboxylic acid: 

RMgX + CO: + H:0 — RCOOH + 
Mg(OH)X 


R/CHO — RR'CHOH + 


ground state The lowest energy state of 
an atom, molecule, or other system. 
$Compare excited state. 


group 1. In the periodic table, a series of 
chemically similar elements that have 
similar electronic configurations. A 


group 0 elements 


group is thus a column of the periodic 
table. For example, the alkali metals, all 
of which have outer s! configurations, 
are called group I. 
2. (functional group) In organic chemis- 
try, an arrangement of atoms that 
bestows a particular type of property on 
a molecule and enables it to be placed in 
a particular class, e.g. the aldehyde 
group -CHO. See also functional group. 


group 0 elements See noble gases. 

group I elements See alkali metals. 

group II elements See alkalinc-earth 
metals, 


group III elements A group of elements 
in the periodic table, often divided into 
the main group (sub-group IIIA), boron 
(B), aluminium (Al) gallium (Ga), 
indium (In), and thallium (TI), and the 
B sub-group, scandium (Sc), yttrium 
(Y), lanthanum (La), and actinium (Ac). 
The B sub-group division is to some 
extent not helpful as scandium, yttrium, 
and lanthanun may be conveniently 
considered in the transition metals. 
Further the elements following lan- 
thanum (the lanthanides) and actinium 
(the actinoids) are separate groupings 
with their own characteristic Properties, 
+The main group III elements all have 
three outer electrons (s?p!) with no 
partly filled inner shells, The group is 
the first group of elements in the pP- 
block. As with all the groups there is an 
increase in metallic character as the 
group is descended. 
The boron atom is both small and has a 
high ionization potential, so bonds to 
boron are largely covalent with only 
small degrees of polarization. In fact 
boron is classed as a metalloid. It has 
volatile hydrides and a weakly acidic 
oxide. As the group is descended the 
ionization potentials decrease and the 
atomic radii increase leading to increas- 
ingly polar interactions and the for- 
mation of distinct M?* ions. +The 
increase in metallic character is clearly 
illustrated by the hydroxides: boric acid 
B(OH); is acidic; aluminium and 


94 


gallium hydroxides are amphoteric 
dissolving in acids to give Al'* and 
Ga?* and in base to give aluminates and 
gallates; the hydroxides of indium and 
thallium are distinctly basic. As the 
elements get heavier the bond energies 
with other elements become generally 
smaller. The monovalent state (removal 
of the p electron only) becomes progres- 
sively stable. For example pallium(I) is 
known in the gas phase and in complex 
systems sometimes known as ‘GaCl,’. 
Monovalent indium halides are known, 
for example InX, and thallium(I) is 
distinctly more stable than thallium(III). 


group IV elements A group of elements 
in the periodic table; divided into the 
main group (sub-group IVA) consisting 
of carbon (C), silicon (Si), germanium 
(Ge), tin (Sn), and lead (Pb); and sub- 
group IVB: titanium (Ti), zirconium 
(Zr), and hafnium (Hf), which are tran- 
sition metals. The main-group elements 
all have electronic structures with four 
Outer electrons (sp?) and no partly 
filled inner shells. The group shows the 
common trend towards metallic charac- 
ter with the heavier elements, thus 
carbon is-a typical non-metal, silicon 
and germanium are metalloids, and tin 
and lead are characteristically metallic. 
As observed with other groups the first 
member of the group is quite different 
from the rest. +The carbon atom is 
smaller and has a higher ionization 
Potential, both favouring predominance 
of covalency, but additional factors are: 
(1) The widespread nature of extensive 
catenation in carbon compounds. 
(2) The possibility of strong overlap of 
P orbitals or double bonding. 
(3) The inaccessibility of d orbitals in 
carbon compounds. 
Significant differences are: 
(1) Both oxides of carbon are gaseous, 
CO and CO», the other elements form 
solid oxides, e.g. SiO;, Pb,O,. 
(2) The heavier elements have no 
compounds analogous to aromatic 
compounds. 
(3) The heavier elements have no 
compounds analogous to ethene or 
ketones. 


(4) The heavier elements readily expand 
their coordination number, e.g. SiFs™ 
and SnCl,?-. 


group V elements A group of elements 
in the periodic table consisting of the 
main group (sub-group VA) consisting 
of nitrogen (N), phosphorus (P), arsenic 
(As), antimony (Sb), and bismuth (Bi), 
and the VB subgroup: vanadium (V), 
niobium (Nb), and tantalum (Ta), which 
are transition elements. 
The main-group elements all have elec- 

*tronic configurations corresponding to 
Outer s?p? with no vacancies in inner 
levels. 
The ionization potentials are high and 
the lighter members of the group, N and 
P, are distinctly electronegative and 
non-metallic in character. Arsenic and 
antimony are metalloids and bismuth is 
weakly metallic (Bi;O; dissolves in acids 
to give Bi(OH);). h 
The general trend to lower energies of 
formation of covalent bonds as elements 
become heavier leads to the M(III) state 
becoming more important as the group 
is descended, (note that the M(V) state 
is not accessible to nitrogen, which has 
No outer d levels). The observation of 
reduced stability of the hydrides MH; as 
the group is (NH; stable, 
BiH; decomposes at room temperature) 
is similarly accounted for. 
Nitrogen is dissimilar from the other 
Members of the group in that it forms 
stable multiple bonds, it is limited to 
coordination number 4, e.g. NHa*, it is 
sufficiently electronegative to form 
hydrogen bonds and the nitride ion N, 
and its oxides are irregular with the rest 
of the group. The group displays a 
remarkable number of allotropes of its 
members showing the trend from non- 
metallic forms through to metallic forms. 
Thus nitrogen has only the diatomic 
form; phosphorus has a highly reactive 
form P, (brown), and a tetrahedral form 
P. (white), forms based on broken 
tetrahedra P, (red and violet), and a 
hexagonal layer-type lattice (black). 

ic and antimony have the As and 

Sb, forms, which are less stable than the 
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group VI elements 


layer type in this case; bismuth has the 
layer lattice form only. 


group VI elements A group of elements 
of the periodic table sometimes called 
the chalcogens. They are oxygen (O), 
sulphur (S), selenium (Se), tellurium 
(Te), and polonium (Po). The electronic 
configurations are all s?p* with no vacant 
inner orbitals. These configurations are 
all just two electrons short of an inert 
gas structure, consequently they have 
high electron affinities and are almost 
entirely non-metallic in character. 
+The group shows the normal property 
of a trend towards metallic character as 
it is descended. Selenium, tellurium and 
polonium have ‘metallic’ allotropes and 
polonium has generally metalloid-type 
properties where they have been studied 
(Po is very rare). Excluding oxygen, 
which forms some ionic metal-oxides, 
the compounds of group VI elements 
are practically all covalent in their 
bonding. All the elements combine with 
a large number of other elements, both 
metallic and non-metallic, but in 
contrast to compounds of the halogens 
they are more generally insoluble in 
water, and even where soluble they do 
not ionize readily. 
Oxygen behaves like the first members 
of other groups in having great differen- 
ces from the rest of the group. For 
example, oxygen forms hydrogen bonds 
whereas sulphur and the others do not; 
oxygen can not expand its outer shell 
and positive oxidation states are uncom- 
mon for oxygen (OF2, O;F;, O2* PtF«-). 
Oxygen is paramagnetic. Excluding 
oxygen, group VI shows similar trends 
with increasing size to those in group V. 
For example decreasing stability of H;X, 
greater tendency to form complexes 
such as SeBre?, decreasing stability of 
high formal positive oxidation states, 
and marginal metallic properties (e.g. 
Po forms a hydroxide). 
The variation of oxidation states, the 
variety of elements in combination, and 
in the case of sulphur the existence of 
many catenated species all combine to 
make the chemistry of group VI rather 
complex. 


GSC 


GSC Gas-solid chromatography. See gas 
chromatography. 


gun cotton See cellulose nitrate. 
gunmetal See bronze. 


gunpowder A powdered mixture of 
sulphur, charcoal, and potassium nitrate, 
used as an explosive. 


gypsum See calcium sulphate. 


H 


Haber process An important industrial 
process for the manufacture of ammonia, 
which is, used for fertilizers and for 
making nitric acid. The reaction is the 
equilibrium: 

N: + 3H: = 3NH; 

The nitrogen used is obtained by frac- 
tionation of liquid air and the hydrogen 
by the oxidation of hydrocarbons (from 
natural gas). The nitrogen and hydrogen 
are purified and mixed in the correct 
Proportions, The equilibrium amount of 
ammonia is favoured by low tempera- 
tures, but in practice the reaction would 
never reach equilibrium at normal 
temperatures, An optimum temperature 
of about 450°C is therefore used. High 
pressure also favours the reaction and a 
pressure of about 250 atmospheres is 
used. The catalyst is iron with small 
amounts of potassium and aluminium 
oxides present. The yield is about 15%. 
Ammonia is condensed out of the gas 
mixture at -50°C. 


habit See crystal habit. 


haematite A mineral form of iron(III) 
oxide. It is the principal ore of iron. 


haemoglobin The pigment of the red 
blood cells that is responsible for the 
transport of oxygen from the lungs to 


the tissues. It consists of a basic protein, 
globin, linked with four haem groups. 
Haem is a complex compound contain- 
ing an iron atom. The most important 
property of haemoglobin is its ability to 
combine reversibly with one molecule 
of oxygen per iron atom to form 
oxyhaemoglobin, which has a bright red 
colour. The iron is present in the 
divalent state (iron (II) and this remains 
unchanged with the binding of oxygen. 
There are variations in the polypeptide 
chains, giving rise to different types of 
haemoglobins in different species. The 
binding of oxygen depends on the 
oxygen partial pressure; high pressure 
favours formation of oxyhaemoglobin 
and low pressure favours release of 
oxygen. 


hafnium A transition metal found in 
zirconium ores. Hafnium is difficult to 
work and can burn in air. It is used in 
nuclear reactors. 
Symbol: Hf; m.p. 2220°C; b.p. 5230°C; 
r.d. 13.3; p.n. 72; r.a.m. 178.49. 


half cell tAn electrode in contact with a 
solution of ions. In general there will be 
an e.m.f. set up between electrode and 
solution by transfer of electrons to or 
from the elects@de. The e.m.f. of a half 
cell cannot be measured directly since 
setting up a circuit results in the 
formation of another half cell. See 
electrode potential. 


half-life (half-life period) Symbol: T, 
The time taken for half the nuclei of a 
sample of a radioactive nuclide to decay- 
The half-life of a nuclide is a measure of 
its stability. (Stable nuclei can be 
thought of as having infinitely long half- 
lives.) If No is the original number of 
nuclei, the number remaining at the end 
of one half-life is No/2, at the end of 
two half-lives is No/4, etc. 


halide A compound containing a halogen. 
The inorganic halides of electropositive 
elements contain ions of the type 
Na*CL (sodium chloride) or K*Br- 
(potassium bromide). Transition metal 
halides often have some covalent 


i 
bonding. Non-metal halides are covalent 
compounds, which are usually volatile. 
Examples are carbon tetrachloride 
(CCl.) and silicon tetrachloride (SiCl). 
Halides are named as bromides, 
chlorides, fluorides, or iodides. 


haloalkane (alkyl halide) A type of 
organic compound in which one or 
more hydrogen atoms of an alkane have 
been replaced by halogen atoms. 
Haloalkanes can be made by direct 
reaction of ‘the alkane with a halogen. 
+Other methods are: 
(1) Reaction of an alcohol with the 
halogen acid (c g. from NaBr + H:S04) 
or with phosphorus halides (red phos- 
phorus and iodine can be used): 
ROH + HBr — RBr + H;O 
ROH + PCI, > RCI + POC! + HCI 
(2) Addition of an acid to an alkene: 
RCH:CH; + HBr > RCH;CH;Br 
The haloalkanes are much more reactive 
than the alkanes, and are useful starting 
compounds for preparing a wide range 
Of organic chemicals. In particular, they 
Undergo nucleophilic substitutions in 
which the halogen atom is replaced by 
Some other group (iodine compounds 
are the most reactive). Some reactions 
of haloalkanes are: 
(1) Refluxing with aqueous potassium 
hydroxide to give an alcohol: 
RI + OH — ROH + i 
(2) Refluxing with potassium cyanide in 
alcoholic solution to give a nitrile: 
RI + CN->RCN +I- 
(3) Refluxing with an alkoxide to give 
an ether: 
RI + -OR’ > ROR’ + I- 
(4) Reaction with alcoholic ammonia 
Solution (100°C in a sealed tube): 
RI + NH; 2 RNH; + HI 
(5) Boiling with alcoholic potassium 
hydroxide, to eliminate an acid and 
Produce an alkene: 
RCH.CHj + KOH > KI + HO + 
RCH:CH; 
See also Fittig reaction, Grignard 
reagent, Wurtz reaction. 


haloform tAny of the four compounds 
Xs, where X is a halogen atom (F, 
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halogens 


fluoroform; Cl, chloroform; Br, bromo- 
form; I, iodoform). 


halogenation A reaction in which a 
halogen atom is introduced into a 
molecule. Halogenations are specified 
as chlorinations, brominations, fluorina- 
tions, etc., according to the element 
involved. There are several methods. 

(1) Direct reaction with the element 
using high temperature or ultraviolet 
radiation: 
CH, + Cl; > CH;CI + HCI 
(2) Addition to a double bond: 
H3C:CH; + HCl — C;HsCI 
(3) 1Reaction of a hydroxyl group with 
a halogenating agent, such as PCl: 
C:H;OH > C;HsCI + OH- 
(4) In aromatic compounds direct 
substitution can occur using aluminium 
chloride as a catalyst: 
2CcHe + Cl; > 2C:HsCI 
(5) Alternatively in aromatic com- 
pounds, the chlorine can be introduced 
by reacting the diazonium ion with 
copper(I) chloride: 
CcHsN2* + Cl 2 CoHsCl + N: 


halogens A group of elements (group 
VII of the periodic table) consisting of 
fluorine, chlorine, bromine, iodine, and 
the short-lived element astatine. The 
halogens all have outer valence shells 
that are one electron short of a noble- 
gas configuration. Because of this, the 
halogens are characterized by high 
electron affinities and high elec- 
tronegativities, fluorine being the most 
electronegative element known, The 
high electronegativities of the halogens 
favour the formation of both uninegative 
ions, X^, particularly in combination 
with electropositive elements (e.g. NaCl, 
KBr, CsI, CaF}), and the single covalent 
bond -X with elements of moderate to 
high electronegativity (e.g. HCl, SiF;, 
SF, BrCH;, ChO). The halogens all 
form diatomic molecules, X;, which are 
characterized by their high reactivities 
with a wide range of other elements and 
compounds. TAs a group, the elements 
increase in both size and polarizability 
as the proton number increases and 
there is an attendant decrease in elec- 


hammer mills 


tronegativity and reactivity. This means 
that there is no chemistry of positive 
species apart from a few cationic iodine 
compounds. The heavier halogens Cl, 
Br, and I, all form oxo-species with 
formal positive oxidation numbers +1 
and +5, chlorine and iodine also 
forming +3 and +7 species, (e.g. HOCI, 
HBrO;, LOs, HIO,). 
The elements decrease in oxidizing 
power in the order F; Cl;»Br;»l, and 
the ions X~ may be arranged in order of 
increasing reducing power F-<CIl-< 
Br-<I~. Thus any halogen will displace 
the elements below it from their salts, 
for example 

Cl; + 2Br > Br; + 2Cl- 
A wide range of organic halides is 
formed in which the C-F bond is 
characteristically resistant to chemical 
attack; the C-Cl bond is also fairly 
stable, particularly in aryl compounds 
but the ‘alkyl halogen compounds 
become increasingly susceptible to 
nucleophilic attack and generally more 
reactive, 


hammer mills Devices used in the 
chemical industry for crushing and grin- 
ding solid materials at high speeds to a 
specified size. The impact between the 
particles, grinding plates, and grinding 
hammers pulverizes the particles. Ham- 
mer mills can be used for a greater 
variety of soft material than other types 


of grinding equipment. Compare ball 
mill. 


hardening (of oils) fA process for 
converting liquid vegetable oils into 
solid or semi-solid fats. Oils are 
glycerides of mainly unsaturated car- 
boxylic acids. Hydrogenation of the 
double carbon-carbon bonds using a 
nickel catalyst produces saturated 
glycerides, which have higher melting 
points. Hydrogenation of vegetable oils 
is used in the manufacture of margarine. 


hardness (of water) Hard water is water 
that will not readily form a lather with 
soap owing to the presence of dissolved 
calcium, iron, and magnesium com- 
pounds. Such compounds can react with 
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soap to produce insoluble salts, which 
collect as solid scum. The effectiveness 
of the cleansing solution is thus reduced. 
Hardness of water is of two types, 
temporary hardness and permanent 
hardness. Only temporary hardness can 
be removed by boiling the water. 
*Hardness of water is usually expressed 
by assuming that all the hardness is due 
to dissolved calcium carbonate, which is 
present as ions. It can be estimated by 
titration with a standard soap solution 
or with edta. See also soap, water 
softening. 


hard vacuum See vacuum. 
hard water Sec hardness. 


heat Energy transferred as a result of a 
temperature difference. The term is often 
loosely used to mean internal energy 
(i.e. the total kinetic and potential energy 
of the particles. It is common in 
chemistry to define such quantities as 
heat of combustion, heat of neutraliza- 
tion, etc. These are in fact molar enthal- 
pies for the change, given the symbol 
AH. The unit is usually the kilojoule 
per mole (kJ mol-'). By convention, AH 
is negative for an exothermic reaction. 
fMolar enthalpy changes stated for 
chemical reactions are changes for stan- 
dard conditions, which are 298 K (25°C) 
and 101325 Pa (1 atmosphere). Thus, 
the standard molar enthalpy of reaction 
is the enthalpy change for reaction of 
substances under these conditions 
producing reactants under the same 
conditions. The substances involved 
must be in their normal equilibrium - 
physical states under these conditions 
(e.g. carbon as graphite, water as the 
liquid, etc.). Note that the measured 
enthalpy change will not usually be the 
standard change. In addition, it is 
common to specify the entity involved- 
For instance AH;}(H;0)is the standard 
molar enthalpy of formation for one 
mole of H;O species. . 


heat engine (thermodynamic engine) tA 
device for converting heat energy into 
work. Heat engines operate by trans- 


ferring energy from a high temperature 
source to a low temperature sink. The 
theoretical operation of heat engines is 
useful in the theory of thermodynamics. 
See Carnot cycle. r 


heat exchangers Devices that enable 
the heat from a hot fluid to be transferred 
to a cool fluid without allowing them to 
come into contact. The normal arran- 
gement is for one of the fluids to flow in 
a coiled tube through a jacket containing 
the second fluid. Both the cooling and 
heating effect may be of benefit in 
conserving the energy used in a chemical 
plant and in controlling the process. 


heat of atomization The energy required 
in dissociating one mole of a substance 
into atoms. See heat. 


heat of combustion The energy liberated 
when one mole of a substance burns in 
excess oxygen. See heat. 


heat of formation The energy change 
when one mole of a substance is formed 
from its elements. See heat. 


heat of neutralization The energy 
liberated when one mole of an acid or 
base is neutralized. 


heat of reaction The energy change 
when molar amounts of given substan- 
ces react completely. See heat. 


heat of solution The energy change 
when one mole of a substance is 
dissolved in a given solvent to infinite 
dilution (in practice, to form a dilute 
solution). 


heavy hydrogen See deuterium. 

heavy water Deuterium oxide, D;O. 

hecto- Symbol: h A prefix denoting 10. 
For example, 1 hectometre (hm) = 10? 
metres (m). 

Heisenberg’s uncertainty principle 


+The impossibility of simul- 
taneous measurements of both the posi- 


helium 


tion and the momentum of a subatomic 
particle (e.g. an electron) with unlimited 
accuracy. The uncertainty arises bec- 
ause, in order to detect the particle, 
radiation has to be ‘bounced’ off it, and 
this process itself disrupts the particle's 
position. Heisenberg’s uncertainty prin- 
ciple is not a consequence of 'experi- 
mental error’. It represents a fundamen- 
tal limit to "objective" scientific obser- 
vation, and arises from the 'wave-parti- 
cle duality of particles and radiation. In 
one direction, the uncertainty in position 
Ax and momentum Ap are related by 
AxAp ~h/4a, where- h is the Planck 
constant. 


helium A colourless monatomic gas; the 
first member of the noble gases (group 0 
of the periodic table). Helium has the 
electronic configuration 1s? and consists 
of a nucleus of two protons and two 
neutrons (equivalent to an a-particle) 
with two extra-nuclear electrons. It has 
an extremely high ionization potential 
and is completely resistant to chemical 
attack of. any sort. The gas accounts for 
only 5.2 x 10% of the atmosphere; up 
to 7% occurs in some mat gas 
deposits. Helium is the second most 
abundant elemént in the universe, the 
primary on the Sun being 
nuclear fusion of hydrogen to give 
helium. Helium is recovered commer- 
cially from natural gas in both the USA 
and the USSR and it also forms part of 
ammonia plant tail gas if natural gas is 
used as a feedstock. Its applications are 
in fields in which inertness is required 
and where the cheaper alternatives, such 
as nitrogen, are too reactive; for exam- 
ple, high temperature metallurgy, pow- 
der technology, and (in the US) welding. 
Helium is also favoured over nitrogen 
as an oxygen dilutent for deep-sea diving 
(lower solubility in blood) and as a 
pressurizer for liquefied gas fuels in 
rockets (total inertness). It is also used 
as an ideal gas for balloons (no fire risk) 
and for low-temperature physics re- 
search. ^ 
Helium is unusual in that it is the only 
known,substance for which there is no 
triple point (ie. no combination of 
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pressure and temperature at which all 
three phases can co-exist). This is 
because the interatomic forces, which 
normally participate in the formation of 
solids, are so weak that they are of the 
same order as the zero-point energy. At 
2.2°K helium undergoes a transition 
from liquid helium I to liquid helium II, 
the latter being a true liquid but 
exhibiting superconductivity and an 
immeasurably low viscosity. The low 
viscosity allows the liquid to spread in 
layers a few atoms thick, described by 
some as ‘flowing uphill’. 

Helium also has an isotope. He is 
formed in nuclear reactions and by decay 
of tritium. 


Hell-Volard-Zelinsky reaction +A 
method for the preparation of halo- 
genated carboxylic acids using free 
halogen in the presence of a phosphorus 
halide. The halogenation occurs at the 
carbon atom adjacent to the -COOH 
group. With Br; and PBr;: 

RCH;COOH + RCHBrCOOH — 
RCBr;COOH 


Helmholtz function (Helmholtz free 
energy) Symbol: F tA thermodynamic 
function defined by 

F= U-TS 
where U is the internal energy, T the. 
thermodynamic temperature, and S the 
entropy. It is a measure of the ability of 
a system to do useful work in an 
isothermal process. See also free energy. 


hemiacetal See acetal. 


hemihydrate A crystalline compound 
with one molecule of water of crystal- 
lization per two molecules of compound 
(e.g. 2CaSO,.H;0). 


\ 
hemiketal +See ketal. 


henry Symbol: H +The SI unit of 
inductance, equal to the inductance of a 
closed circuit that has a magnetic flux of 
one weber per ampere of current in the 
circuit. 1 H = 1 Wb A-'. 


Henry's law The concentration (C) of a 


gas in solution is proportional to the 
partial pressure (p) of that gas in 
equilibrium with the solution, ie. p — 
kC, where k is a proportionality 
constant. The relationship is similar in 
form to that for Raoult's law, which 
deals with ideal solutions. 

TA consequence of Henry's law is that 
the ‘volume solubility’ of a gas is 
independent of pressure. 


heptahydrate A crystalline hydrated 
compound containing one molecule of 
compound per seven molecules of water 
of crystallization. 


heptavalent (septavalent) Having a 
valence of seven. 


heptane (C;H«) A colourless liquid 
alkane obtained from petroleum refin- 
ing. It is used as a solvent. 


hertz Symbol: Hz The SI unit of 
frequency, defined as one cycle per 
second (s~'). Note that the hertz is used 
for regularly repeated Processes, such as 
vibration or wave motion. An irregular 
Process, such as radioactive decay, 
would have units expressed as s^! (per 
second). 


hetero atom +Sce heterocyclic com- 
pound. 


heterocyclic compound tA compound 
that has a ring containing more than 
one type of atom. Commonly, hetero- 
Cyclic compounds are organic com- 
pounds with at least one atom in the 
ring that is not a carbon atom. Pyridine 
and glucose are examples. The non- 
carbon atom is called a hetero atom. 
Compare homocyclic compound. 


heterogeneous Relating to more than 
one phase. A heterogeneous mixture, for 
instance, contains two or more distinct 
Phases. 


heterolytic fission (heterolysis) The 
breaking of a covalent bond so that both 
electrons of the bond reraain with one 
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fragment. A positive ion and a negative 
ion are produced: 

RX—>R* +X 
Compare homolytic fission. 


hexadecanoate (palmitate) TA salt or 
ester of hexadecanoic acid. 


hexadecanoic acid (palmitic acid) tA 
crystalline carboxylic acid: 
CH(CH;)uCOOH 
It is present as glycerides in fats and 
oils. See glyceride. 


hexagonal close-packed crystal A 
crystal structure in which layers of close- 
packed atoms are stacked in an 
ABABAB arrangement. The second 
layer B fits into the holes of the first 
layer A, with the third layer over the 
first. The coordination number is 12. 
Zinc and magnesium have hexagonal 
close-packed structures. 
+The unit cell is based on a hexagon 
with atoms occupying corner and mid 
positions. See face-centred cubic crystal. 


hexagonal crystal See crystal system. 


hexane (C.His) A liquid alkane pbtained 
from the light fraction of crude oil. The 
principal use of hexane is as a solvent. 


hexanoic acid (caproic acid, 
CH(CH;),COOH) tAn oily carboxylic 
acid found (as glycerides) in cow's milk 
and some vegetable oils. 


hexose +A sugar that has six carbon 
atoms in its molecules. See sugar. 


hexyl group The group C: Hi CHi-. 
having a straight chain of carbon atoms. 


histidine +See amino acids. 


Hofmann degradation tA method of 
preparing primary amines from acid 
amides. The amide is refluxed with 
aqueous sodium hydroxide and bromine: 

RCONH; + NaOH + Bn ^ 
RCONHBr +.NaBr + H:O 
RCONHBr + OH: — RCON Br + H:O 
RCON-Br > R-N=C=O + Br 


homologous series 


RNCO + 20H: > RNH; + CO; 
The reaction is a ‘degradation’ in that a 
carbon atom is removed from the amide 
chain. 


Hofmann’s method A rather outmoded 
method for determining the vapour 
density of volatile liquids. A known 
weight of sample is introduced into a 
mercury barometer tube, which is 
surrounded by a heating jacket. The 
volume of vapour can thus be read off 
directly, the temperature is known, and 
the pressure is obtained by taking the 
atmospheric pressure minus the mercury 
height in the barometer (with correc- 
tions for the density of mercury at \ 
higher temperatures). The method's only 
advantage is that it may be used for 
samples that decompose at their normal 
boiling point. See also Dumas’ method, 
Victor Meyer's method. 


holmium A soft malleable silvery element 
of the lanthanoid series of metals. It 
occurs in association with other 
lanthanoids. It has few applications. 
Symbol: Ho; m.p. 1474°C; b.p. 2695*C; 
r.d. 8.80; p.n. 67; r.a.m. 164.93. 


homocyclic compound +A compound 
containing a ring made up of the same 
atoms. Benzene is an example of a 
homocylic compound. Compare hetero- 
cyclic compound. 


homogeneous Relating to a single phase. 
A homogeneous mixture, for instance, 
consists of only one phase. 


homologous series A group of organic 
compounds possessing the same func- 
tional group and having a regular struc- 
tural pattern so that each member of the 
series differs from the next one by a 
fixed number of atoms. The members of 
a homologous series can be represented 
by a general formula. For example, the 
homologous series of alkane alcohols 
CH;OH, C;H;OH, C;H;OH, ..., has a 
general formula C,H;,.,OH. Each 
member differs by CH; from the next. 
Any two successive members of a series 
are called homologues. 
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homologues See homologous series. 


homolytic fission (homolysis) +The 
breaking of a covalent bond so that one 
electron from the bond is left on each 
fragment. Two free radicals result: 
RR’ >R: + R* 
Compare heterolytic fission. 


Hückel rule +See aromatic compound. 
hybrid orbital +See orbital. 


hydrazine (N>H,) A colourless liquid 
that can be prepared by the oxidation of 
ammonia with sodium chlorate(1) or by 
the gas phase reaction of ammonia with 
chlorine. Hydrazine is a weak base, 
forming salts (e.g. N2H,.HCl) with 
strong acids. It is a powerful reducing 
agent, reducing salts of the noble metals 
to the metal. Anhydrous hydrazine 
ignites spontaneously in oxygen and 
reacts violently with oxidizing agents. 
The aqueous solution, hydrazine hyd- 
rate, has been used as a fuel for jet 
engines and for rockets. 


hydrazoic acid (hydrogen azide, azoi- 
mide, HN;) A colourless liquid with a 
nauseating smell. It is highly poisonous 
and explodes in the Presence of oxygen 
and oxidizing agents. It can be made by 
distilling a mixture of sodium azide 
(NaN;) and a dilute acid. It is usually 
used as an aqueous solution. The salts 
of hydrazoic acid (azides), especially 
lead azide (Pb(N;);), are used in detona- 
tors because of their ability to explode 
when given a mechanical shock, 


hydrazone tA type of organic compound 
containing the C:NNH; group, formed 
by the reaction between an aldehyde or 
ketone and hydrazine (N:H4). Deri- 
vatives of hydrazine are often used to 
produce crystalline products, which have 
sharp melting points that can be used to 
characterize the original aldehyde or 
ketone. Phenylhydrazine (CcHSNH.- 
NH3), for instance, produces phenylhy- 
drazones. P 


hydride A compound of hydrogen. Ionic 
hydrides are formed with highly electro- 
positive elements and contain the H- 
ion (hydride ion). Non-metals form 
covalent hydrides, as in methane (CH4) 
or silane (SiH,). +The boron hydrides 
are electron-deficient covalent com- 
Pounds. Many transition metals absorb 
hydrogen to form interstitial hydrides. 


hydrobromic acid (HBr) A colourless 
liquid produced by adding hydrogen 
bromide to water. It shows the typical 
Properties of a strong acid and it is a 
strong reducing agent. fA convenient 
way of producing hydrobromic acid is 
to bubble hydrogen sulphide through 
bromine water, Although it is not as 
strong as hydrochloric acid it dissociates 
extensively in water and is a good proton 
donor. 


hydrochloric acid 
fuming liquid made 
chloride to water: 
HCl(g) + H:0(1) > H3O*(aq) + CI- 
(aq) 
Dissociation into ions is extensive and 
hydrochloric acid shows the typical 
properties of a strong acid. It reacts with 
carbonates to give carbon dioxide and 
yields hydrogen when reacted with all 
but the most unreactive metals. Hydro- 
chloric acid is used in the manufacture 
of dyes, drugs, and photographic 
materials. It is also used to pickle metals. 
ie. clean the surface Prior to electro- 
Plating. {Hydrochloric acid donates 
Protons with ease and is the strongest of 
the hydrohalic acids. The concentrated 
acid is oxidized to chlorine by such 
agents as potassium permanganate and 
manganese(IV) oxide. r 


(HCI) A colourless 
by adding hydrogen 


hydrofluoric. acid (HF) A colourless 
liquid produced by“dissolving hydrogen 
fluoride in water. It is a weak acid, but 
-will dissolve most silicates and hence 
can be used to etch glass. ¢As the 
interatomic distance in HF is relatively 
small, the H-F bond energy is very 
high, therefore — unable to donate 
Protons easily — hydrofluoric acid is a 
weak acid. See bond energy. 


hydrogen A colourless gaseous element. 
Hydrogen has some similarities to both 
the alkali metals (group I) and the 
halogens (group VII) but is not 
normally classified in any particular 
group of the periodic table. It is the 
most abundant element in the Universe 
and the ninth most abundant element in 
the Earth's crust and atmosphere (by 
mass). It occurs principally in the form 
of water and petroleum products; traces 
of molecular hydrogen „are found in 
Some natural gases and in the upper 
atmosphere. 
The gas may be prepared in the labora- 
lory by the reaction of dilute hydro- 
chloric acid with a metal that lies above 
hydrogen in the electrochemical series, 
magnesium and zinc being commonly 
used. 
Zn + 2HCI + H; + ZnCh 
Reactions of the amphoteric metals zinc 
and aluminium with dilute aqueous 
alkali, to form zincates or aluminates, 


are also a convenient source of hydro- | 


gen. Electrolysis of dilute mineral acids 
May be used to obtain hydrogen but 
Care must be taken to avoid mixing with 
the oxygen released at the anode as this 
leads to explosive mixtures. Industrially, 
hydrogen is obtained as.a by-product of 
the electrolytic cells used in the produc- 
tion of sodium hydroxide (reaction of 
the Na/Hg amalgam with water), or by 
the water-gas route in which steam is 
decomposed by hot coke. 
The main use of hydrogen is as a 
chemical feedstock for the manufacture 
Of ammonia and of a range of organic 
compounds. Small-scale uses include 
reducing atmospheres for metallurgy, 
rdening edible oils, and pharmaceuti- 
Cal manufacture. Hydrogen also has a 
Potential future use as a fuel. 
Hydrogen Occupies a unique position 
among the elements as hydrogen atoms 
are the simplest of all atoms. The 
hydrogen atom consists of a proton 
(positive charge) with one extranuclear 
electron (1s). The chemistry of hydro- 
Ben depends on one of three processes: 
(1) Loss of the electron to form H *. 
(2) Gain of an electron to form H~. 
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(3) Sharing of electrons by covalent 
bond formation as in H; or HCI. 
The hydrogen atom with the 1s electron 
removed would have an extremely small 
ionic radius and the positive hydrogen 
ion occurs only in association with 
other species as in H*NH; or H*FH. 
The ion commonly written H* in 
solution is in fact the solvated proton 
(hydroxonium or hydronium) H;O*, 
which is formed by ionization of acids: 
H;O + HCI  HjO* + Cl: 
It is believed that the lifetime of any one 
H3O* ion is extremely short as the 
protons appear to undergo very rapid 
exchange between water molecules. 
Hydrogen also forms a number of 
compounds in which it is regarded as 
gaining an electron and becoming H- 


"(the hydride ion). It can form ionic 


hydrides only with the most electro- 
positive elements (groups IA and IIA). 
The ionic nature of these compounds is. 
indicated by the fact that the melts are 
good conductors and that electrolysis 
liberates hydrogen at the anode. 

These hydrides are prepared by heating 
the element in a stream of hydrogen: 

Hı + 2M 22M + H- 
Examples are CH4, NH), and HCl. These 
compounds are generally low-boiling. 
General methods of preparation are: 

(1) The hydrolysis of the appropriate. 
*-ide' compound; e.g. silicides give silane, 
nitrides give ammonia, sulphides give 
H3S. 

(2) Reduction of a chloride; for exam- 

le: 

Sich + LiAIH, > SiH, + LiCl + AICI; 
tA third class of hydride is that of 
metallic hydrides formed between 
hydrogen and many transition metals, 
Palladium in particular is renowned for 
its ability to absorb hydrogen as PdH,, 
where x takes values up to 1.8. Titanium 
and zirconium behave similarly but the 
exact nature of the compounds formed 
and of the bond type remains uncertain. 
There are changes in the magnetic 
properties of the metal (indicating some 
electron interaction) and in the lattice 
dimensions but discrete phases of the 
type MH or MH; are not isolated. The 


hydrogenation x 


class is sometimes referred to as the 
interstitial hydrides. 

Atomic nuclei possess the property of 
‘spin’ and for diatomic molecules there 
exists the possibility of having the spins 
of adjacent nuclei aligned (ortho) or 
opposed (para). Because of the small 
mass of hydrogen, these forms are more 
important in hydrogen molecules than 
in other diatomic molecules. The two 
forms are in equilibrium with parahy- 
drogen dominant at low temperatures, 
rising to 75% orthohydrogen at room 
temperatures, Although chemically iden- 
tical the melting point and boiling 
point of the para form are both about 
0.1? lower than the 3:1 equilibrium 
mixture. 

Natural hydrogen in molecular or 
combined forms contains about one part 
in 2000 of deuterium, D; an isotope of 
hydrogen that contains one proton and 
one neutron in its nucleus. Although the 
effect of isotopes on chemical properties 
is normally small, in the case of hydro- 
gen the difference in mass number leads 
to a lowering of some reaction rates 
known as-the ‘deuterium isotope effect’. 
Hydrogen also exhibits two less common 
forms of bonding. Boron hydrides form 
a wide variety of compounds in which 
the hydrogen acts as a bridging species 
involving ‘three-centre two-electron’ 
bonds. Such species are said to be 
‘electron deficient’ as they do not have 
sufficient electrons for conventional two- 
electron covalent bonds. The second, 
less common, form is that of the 
coordinated hydrides in which the H- 
jon acts as a ligand bound to a tran- 
sition metal atom. 

Symbol: H; m.p. -259°C; b.p. -252°C; 
d. 0.0899 kg m^: p.n. 1; r.a.m. 1.0079. 


hydrogenation The reaction of a 
compound with hydrogen. An example 
is the hydrogenation of nitrogen to form 
ammonia in the Haber process. +In 
organic chemistry, hydrogenation refers 
to the addition of hydrogen to multiple 
bonds, usually with the aid of a catalyst. 
Unsaturated natural liquid vegetable 
oils can be hydrogenated to form 


saturated semisolid fats — a reaction 
used in making types of margarine. 


hydrogen azide See hydrazoic acid. 


hydrogen bond (H-bonding) An inter- 
molecular bond between molecules in 
which hydrogen is bound to a strongly 
electronegative element. Bond polariza- 
tion by the electronegative element X 
leads to a positive charge on hydrogen 
X'——H'*; this hydrogen can then 
interact directly with electronegative 
elements of adjacent molecules. The H- 
bond is represented as a dotted line: 

Xoo Pe XC TB. 

The length of a hydrogen bond is 
characteristically 0.15-0.2 nm. 
tHydrogen bonding may lead to the 
formation of dimers (for example, in 
carboxylic acids) and is used to explain 
the anomalously high boiling points of 
HO and HF. 


hydrogen bromide (HBr) A colourless 
sharp-smelling gas that is very soluble in 
water. It is produced by direct combina- 
tion of hydrogen and bromine in the 
presence of a platinum catalyst or by the 
reaction of phosphorus tribromide with 
water. It dissolves in water to give 
hydrobromic acid. fHydrogen bromide 
is rather inactive chemically. It will nct 
conduct electricity in the molten state, 
indicating that it is a molecular 
compound. 


hydrogencarbonate (bicarbonate) A salt 
containing the ion HCO;. 


hydrogen chloride (HCI) A colourless 
gas that has a strong irritating odour 
and fumes strongly in moist air. It is 
prepared by the action of concentrated 
sulphuric acid on sodium chloride. The 
gas is made industrially by burning à 
stream of hydrogen in chlorine. It is not 
particularly reactive but will form dense 
white clouds of ammonium chloride 
when mixed with ammonia. It is very 
soluble in water and ionizes almost 
completely to give hydrochloric acid. It 
will also dissolve in many non-aqueous 
solvents, including toluene, but will not 
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ionize and the resultant solution shows 
no acidic properties: Hydrogen chloride 
is used in the manufacture of organic 
chlorine compounds, such as polyvinyl 
chloride (PVC). 

+Unlike the other hydrogen halides 
hydrogen chloride will not dissociate on 
heating, indicating a strong H-Cl bond. 
See hydrochloric acid. 


hydrogen electrode tA type of half cell 
based on hydrogen, and assigned zero 
electrode potential, so that other 
elements may be compared with it. It is 
also called the standard hydrogen half 
cell. The hydrogen is bubbled over a 
platinum electrode, coated in ‘platinum 
black’, in a 1 M acid solution. Hydrogen 
is adsorbed on the platinum black, which 
has a high surface area, enabling the 
equilibrium 

H(g) = H*(aq) + € 

to be set up. The platinum is ineit and 
has no tendency to form platinum ions 
in solution. See also electrode potential. 


hydrogen fluoride (HF) A colourless 
liquid produced by the reaction of 
concentrated sulphuric acid on calcium 
fluoride: 
CaFy(s) + H;SO«(aq) + CaSO.(aq) + 
2HF(l) 
It produces toxic corrosive fumes and 
dissolves readily in water to give hydro- 
fluoric acid. tHydrogen fluoride is 
atypical of the hydrogen halides as the 
individual H-F units are associated into 
much larger units, forming zigzag chains 
and rings. This is caused by hydrogen 
bonds that form between the hydrogen 
and the highly electronegative fluoride 
ions. Hydrogen fluoride is used exten- 
sively as a catalyst in the petroleum 
industry. See hydrofluoric acid. 


hydrogen peroxide (H;O:) A colourless 
syrupy liquid, usually used in solution 
in water. On contact with man- 
ganese(IV) oxide it gives off oxygen, the 
manganese(IV) oxide acting as à 
catalyst: 

.  2H,O; 2 2H,0 + O: 

Hydrogen peroxide can act as an 
oxidizing agent, converting iron(11) ions 


hygroscopic 


to iron(III) ions, or as a reducing agent 
with potassium manganate(VII). It is 
used as a bleach and in rocket fuel. 
{The strength of solutions is usually 
given as volume strength — the volume 
of oxygen (dm?) at STP given by 
decomposition of 1 dm? of the solution. 


hydrogen sulphide (sulphuretted hydro- 
gen, H2S) A colourless very poisonous 
gas with an odour of bad eggs. Hydro- 
gen sulphide is prepured by reacting 
hydrochloric acid with iron(II) sulphide. 
It is tested for by mixing with lead 
nitrate, with which it gives a black 
precipitate. Its aqueous solution is 
weakly acidic. Hydrogen sulphide 
reduces iron(lll) chloride to iron(II) 
chloride, forming hydrochloric acid and 
a yellow precipitate of sulphur. Hydro- 
gen sulphide pfecipitates insoluble 
sulphides, and is used in qualitative 
analysis. It burns with a blue flame in 
oxygen to form sulphur(IV) oxide and 
water. North Sea gas contains some 
hydrogen sulphide, which is removed 
before supply to the consumer. 


hydrolysis A reaction between a 
compound and water. Some examples 
are: 

Salts of weak acids 

Na;CO, + 2H;0 — 2NaOH + H;CO, 
TEsters 

CH,COOC;H. + H:O = CH,COOH 
+ CHOH 

Certain inorganic halides 

SiC, + 4H;O > SI(OH), + 4HCI 


hydrophilic Water attracting. See lyo- 

philic. 
hydrophobic Water repelling. See 
lyophobic. 


hydroxide A compound containing the 
ion OH- or the group -OH. 


2-hydroxypropanoic acid (lactic acid) 
A colourless liquid carboxylic acid: 
CH:CH(OH)COOH 
See optical activity. 


hygroscopic Describing a substance that 
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hyperfine structure 


absorbs moisture from the atmosphere. 
See also deliquescent. 


hyperfine structure }See fine structure. 
hypobromous acid See bromic(I) acid. 
hypochlorous acid See chloric(I) acid. 


hypophosphorous acid }See phosphinic 
acid. 


ideal gas See gas laws, kinetic theory. 


imine tA compound containing the group 

-NH-, where the nitrogen atom is not 

joined to carbonyl groups or other 

, hydrogen atoms. The group is the imino 
group. 


imino group +See imine. 


indicator A compound that reversibly 
changes colour depending on the pH of 
the solution in which it is dissolved. The 
visual observation of this change is 
therefore a guide to the PH of the 
solution and it follows that careful 
choice of indicators permits a wide 
range of end points to be detected in 
acid-base titrations. 
+Redox titrations require either specific 
indicators, which detect one of the 
components of the reaction (e.g. starch 
for iodine, potassium thiocyanate for 
Fe?*) or true redox indicators in which 
the transition potential of the indicator 
between oxidized and reduced forms is 
important. The transition potential of a 
redox indicator is analogous to the tran- 
sition pH in acid-base systems. 
Complexometric titrations require indi- 
cators that complex with metal ions and 
change colour between the free state 
and the complex state. See also 
absorption indicator. 


indium A soft silvery metallic element 
belonging to group III of the periodic 
table. It is found in minute quantities 
primarily in zinc ores. It is used in 
alloys, inseveral electronic devices, and 
in electroplating. 
Symbol: In; m.p. 156.61°C; b.p. 2080°C; 
r.d. 7.31; p.n. 49; r.a.m. 114.82. 


inductive effect The effect in which 
atoms or groups in a compound can 
attract (-I) or push away electrons (+1), 
forming polar bonds. 


inert gases Sce noble gases. 


infrared (IR) Electromagnetic radiation 
with longer wavelengths than visible 
radiation. The wavelength range is 
approximately 0.7 um to 1 mm. Many 
materials transparent to visible light are 
opaque to infrared, including glass. Rock 
salt, quartz, germanium, or polyethylene 
prisms and lenses are suitable for use 
with infrared. fInfrared radiation is 
produced by movement of charges on 
the molecular scale; i.e, by vibrational 
or rotational motion of molecules. Of 
Particular importance in chemistry is 
the absorption spectrum of compounds 
in the infrared region. Certain bonds 
between pairs of atoms (C-C, C=C, 
C=O, etc.) have characteristic vibra- 
tional frequencies, which correspond to 
bands in the infrared spectrum. Infrared 
spectra are thus used in finding the 
Structures of new organic compounds. 
They are also used to ‘fingerprint’ and 
thus identify known compounds. At 
shorter wavelengths, infrared. absorption 
corresponds to transitions between rota- 
tional energy levels, and can be used to 
find the dimensions of molecules (by 
their moment of inertia). See also 
electromagnetic radiation. 


inhibitor A substance that lowers the 
efficiency of a catalyst, i.e. slows down 
the rate of reaction. Hydrogen sulphide, 
hydrogen cyanide, mercury salts, and 
arsenic compounds readily | inhibit 
heterogeneous catalysis by adsorption. 
For example, arsenic compounds inhibit 


platinum catalysts in the oxidation of 
sulphur(IV) oxide to sulphur(VI) oxide. 
Inhibitors must not be confused with 
negative catalysts; inhibitors do not 
change the pathway of a reaction. 


inorganic chemistry The branch of 
chemistry concerned with elements other 
than carbon and with the preparation, 
properties, and reactions of their 
compounds. Certain simple carbon 
Compounds are treated in inorganic 
chemistry, including the oxides, carbon 
disulphide, the halides, hydrogen cyan- 
ide, and salts, such as the cyanides, 
cyanates, carbonates, and hydrogencar- 
bonates. 


insoluble Describing a compound that 
has a very low solubility (in a specified 
Solvent). 


instrumentation The measurement of 
the conditions and the control of 
processes within a chemical plant. The 
instruments can be classified into three 
groups: those for current information 
using mercury thermometers, weighing 
scales, and pressure gauges; those for 
recording viscosity, fluid flow, pressure, 
and temperature; and those instruments 
that control and maintain the desired 
conditions including pH and the flow of 
materials. 


intercallation compound +A compound 
that has a structure based on layers and 
in which there are layers of a different 
character interleaved in the basic struc- 
tural units. For example, the micas 
phlogopite (KMg(OH):Si;AlO0) and 
muscovite (KAI,(OH):SisAlOj0) are 
formed by interleaving K* ions repla- 
cing a quarter of the silicon layers in 
talc and pyrophyllite respectively. See 
also lamellar compound. 


intermediate bonding A form of 
covalent bond that also has an ionic or 
electrovalent character. See polar bond. 


intermolecular forces Forces of attrac- 
tion between molecules rather than 
forces within the molecule (chemical 


interstitial compound 


bonding). If these intermolecular forces 
are weak the material will be gaseous 
and as their strength progressively 
increases materials become progressively 
liquids and solids. The intermolecular 
forces are divided into H-bonding forces 
and van der Waals forces, and the major 
component is the electrostatic interac- 
tion of dipoles. See hydrogen bond, van 
der Waals force. 


internal energy Symbol: U The energy 
of a system that is the total of the 
kinetic and potential energies of ‘its 
constituent particles (e.g. atoms and 
molecules). If the temperature of a 
substance is raised, by transferring 
energy to it, the internal energy increases 
(the particles move faster). Similarly, 
work done on or by a system results in 
an increase or decrease in the internal 
energy. The relationship between heat, 
work, and internal energy is given by 
the first law of thermodynamics. Some- 
times the internal energy of a system is 
loosely spoken of as ‘heat’ or ‘heat 
energy’. Strictly, this is incorrect; heat is 
the transfer of energy as a result of à 
temperature difference. 


internal resistance Resistance of a 
source of electricity. In the case of a 
cell, when a current is supplied, the 
potential difference between the ter- 
minals is lower than the emf, The 
difference (i.e. e.m.f. - p.d.) is propor- 
tional to the current supplied. The 
internal resistance (7) is given by: 

r-(E-VyI 
where E is the emf. V the: potential 
difference between the terminals, and I 
the current. 


interstitial +See defect. 


interstitial compound A crystalline 
compound in which atoms of a non- 
metal (e.g. carbon, hydrogen, or boron) 
occupy interstitial positions in the 
crystal lattice of a metal (usually a 
transition metal). Interstitial compounds 
are often non-stoichiometric. Their 
physical properties are often similar to 
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inversion 


of metals; e.g. they have a metallic 
we and are electrical conductors. 


i ion +A change from one optical 
Taser ds other. See Walden inver- 
sion. 


invert sugar {See sucrose. 


iodic(V) acid (iodic acid, HIO;) A 
colourless deliquescent crystalline solid 
produced by the reaction of concen- 
trated nitric acid with iodine. Iodic(V) 
acid is a strong oxidizing agent. {It will 
liberate iodine from solutions containing 
iodide ions and it reacts vigorously with 
organic materials, often producing 
flames. It dissociates extensively in water 
and hence is a strong acid. 


fodic(VII) acid (periodic acid, H3IO;) 
A white crystalline solid made by low- 
temperature electrolysis of concentrated 
iodic(V) acid. It exists in a number of 
forms, the most common of which is 
paraiodic(VII) acid. Iodic(VII) acid is a 
powerful oxidizing agent. It is a weak 
acid, which — by cautious heating under 
vacuum — can be converted to 
dimesoiodic(VIi) acid (HiLO;), and 
metaiodic(VII) acid (HIO,). All three 
will oxidize manganese to permanganate 
and this reaction can be used to deter- 


mine small amounts of Manganese in 
Steel. 


fodic acid See iodic(V) acid. 
iodide See halide. 


iodine A dark-violet volatile solid 
element belonging to the halogens 
(group VII of the periodic table). It 
occurs in seawater and is concentrated 
by various marine organisms in the 
form of iodides. Significant deposits also 
occur in the form of iodates. The element 
is conveniently Prepared by the oxi- 
dation of iodides in acid solution 
(MnO). Industrial methods similarly 
use oxidation of iodides or reduction of 
iodates to iodides by sulphur dioxide 
followed by oxidation, depending on the 
source of the raw materials. Iodine and 
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its ‘compounds are used in chemical 
synthesis, photography, pharmaceuti- 
cals, and dye-stuffs manufacture. | 
Iodine has the lowest electronegativity 
of the stable halogens and consequently 
is the least reactive. It combines only 
slowly with hydrogen to form hydroiodic 
acid, HI. Iodine also combines directly 
with many electropositive elements, but 
does so much more slowly than does 
bromine or chlorine. Because of the 
larger size of the iodine ion and the 
consequent low lattice energies, the 
iodides are generally more soluble than 
related bromides or chlorides. As with 
the other halides, iodides of Ag(I), 
Cu(I), Hg(1), and Pb(II) are insoluble 
unless complexing ions are present. 
flodine also forms a range of covalent 
iodides with the metalloids and non- 
metallic elements (this includes a vast 
range of organic iodides) but these are 
generally less thermodynamically stable 
and are more readily hydrolysed than 
chlorine or bromine analogues. 

Four oxides are known of which 
iodine(V) oxide, IOs, is the most 
important. The other oxides, 1,04, LOs 
and LO; are much less stable and of 
uncertain structure. Like chlorine (but 
not bromine) iodine forms Oxo-species 
based on IO", 10;", 10)", and IOs". The 
chemistry of the other oxo-species in 
solution is complex. Elemental iodine 
reacts with alkalis in a similar way to 
bromine and chlorine, 

The ionization potential of iodine is 
sufficiently low for it to form a number 
of compounds in which it is electro- 
Positive. It forms I* cations, for exam- 
Ple, by reaction of solid silver nitrate 
With iodine solution, and such cations 
are sufficiently electrophilic to substitute 
aromatic compounds such as phenol. 
lodine also exhibits the interesting 
Property of forming solutions that are 
violet coloured in non-donor type 
solvents, such as carbon tetrachloride, 
but in donor solvents, such as ethanol or 
dioxan, there is a strong iodine-solvent 
interaction, which gives the solution a 
deep brown colour. Even though iodine 
Solutions were commonly used as 
antiseptic agents, the element is classi- 


fied as toxic, and care should be taken 
to avoid eye intrusions or excessive skin 
contact. 

Symbol: I; m.p. 113.5°C; b.p. 184°C; r.d. 
4.95; p.n. 53; r.a.m. 126.9045. 


iodine monochloride (ICI) A dark red 
liquid made by passing chlorine over 
iodine. It has properties similar to those 
of its constituent halogens. tlodine 
monochloride is used as a nonaqueous 
solvent and as an iodating agent in 
organic reactions. 


lodine(V) oxide (iodine pentoxide, ,O:) 
A white crystalline solid made by 
heating iodic(V) acid to a temperature 
of 200°C. It is a very strong oxidizing 
agent. 
flodine oxide is the acid anhydride of 
iodic(V) acid, which is reformed when 
water is added to the oxide. Its main use 
is in titration work, measuring traces of 
carbon monoxide in the air. 


iodine pentoxide See iodine(V) oxide. 


iodine trichloride See diiodine hexach- 
loride. 


lodoethane (ethyl iodide, C:HsI) A 
colourless liquid alkyl halide made by 
reaction of ethanol with iodine in the 
Presence of red phosphorus. 


iodoform +See triiodomethane. 
lodoform reaction +See triiodomethane. 


iodomethane (methyl iodide, CHI) A 
liquid alkyl halide made by reaction of 
methanol with iodine in the presence of 
ted phosphorus. 


ion exchange A process that takes place 
in certain insoluble materials, which 
contain ions capable of exchanging with 
ions in the surrounding medium. 
Zeolites, the first ion exchange materials, 
were used for water softening. These 
have largely been replaced by synthetic 
Tesins made of an inert backbone 
material, such as polyphenylethene, to 
which ionic groups are weakly attached. 


ionicradius 


If the ions exchanged are positive, the 
resin is a cationic resin. An anionic 
resin exchanges negative ions. When all 
available ions have been exchanged (e.g. 
sodium ions replacing calcium ions) the 
material can be regenerated by passing 
concentrated solutions (e.g. sodium 
chloride) through it. The calcium ions 
are then replaced by sodium ions. Ion- 
exchange techniques are used for a vast 
range of purification and analytical 


purposes. 

+For example, solutions with ions that 
can be exchanged for OH: and H* can 
be estimated by titrating the resulting 
solution with an acid or a base. 


ionic bond See electrovalent bond. 


ionic crystal A crystal composed of ions 
of two or more elements. The positive 
and negative ions are arranged in definite 
patterns and are held together by elec- 
trostatic attraction. Common examples 
are sodium chloride and caesium 
chloride. 


ionic product The product of concen- 
trations: 
K, = [H* OH] 
in water as a result of a small amount of 
self-ionization. 


ionic radius A measure of the effective 
radius of an ion in a compound. For an 
isolated ion, the concept is not very 
meaningful, since the ion is a nucleus 
surrounded by an ‘electron cloud’. 
Values of ionic radii can be assigned, 
however, based on the distances between 
ions in crystals. 
1Dilferent methods exist for determining 
ionic radii and often different values are 
quoted for the same ion. The two main 
methods are those of Goldschmidt and, 
of Pauling. The Goldschmidt radii are 
determined by substituting data from 
one compound to another, to produce a 
set of ionic radii for different ions. The 
Pauling radii are assigned by a more 
theoretical treatment for apportioning 
the distance between an anion and a 
cation. e 
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ionization 


ionization The process of producing 
e There are several ways in which 
ions may be formed from atoms or 
molecules. In certain chemical reactions 
ionization occurs by transfer of elec- 
trons; for example, sodium atoms and 
chlorine atoms react to form sodium 
` chloride, which consists of sodium ions 
(Na+) and chloride ions (CI). Certain 
molecules can ionize in solution; acids, 
for example, form hydrogen jons as in 
the reaction è 
H;$0, > 2H* + SO- 
The ‘driving force’ for ionization in a 
solution is solvation of the ions by 
molecules of the solvent. H *, for exam- 
ple, is solvated as a hydronium ion, 
H;0*. 
Tons can also be produced by ionizing 
radiation; i.c. by the impact of particles 
or photons with sufficient energy to 
break up molecules or detach electrons 
from atoms: A — A* + e". Negative 
ions can be formed by capture of 
electrons by atoms or molecules: A + 
e -—A-. 


ionization energy See ionization poten- 
tial. 


ionization potential (IP) Symbol: I The 
energy required (o remove an electron 
from an atom (or molecule or group) in. 
the gas phase, i.e. the energy required 
for the process: 
| M>M*++e- 
it gives a measure of- the ability of 
metals to form positive ions. The second 
ionization potential is ihe energy 
required to remove the second electron 
and form a doubly charged ion: 
MoM*-ce 
Ionization potentials stated in this way 
are positive; often they are given in 
electronyolts. Ionization energy is the 
energy required to ionize one mole of 
the substance, and is usually stated in 
kilojoules per mole (kJ mol-!). 
fin chemistry, the terms ‘second’, "third", 
etc, ionization potentials are usually 
used for the formation of doubly, triply, 
etc., charged ions, However, in spectros- 
copy and physics, they are often used 
with a different meaning. The second 


ionization potential is the energy to 
remove the second least strongly bound 
electron in forming a singly charged ion. 
For lithium (1s? 2s!) it would refer to 
removal of a Is electron to produce an 
excited ion with the configuration Is'2s'. 
Note also that ionization potentials are 
now stated as energies. Originally they 
were the potential through which an 
electron had to be accelerated to cause 
ionization by electron impact: 
MtcM*-2e 
They were thus stated in volts, 


IP See ionization potential. 
TR See infrared. 


iridium A white transition metal that is 
highly resistant to corrosion. It is used 
to harden platinum for electrical 
contacts and in jewellery, 
Symbol: Ir; m.p. 2450°C; b.p. 4130°C; 
r.d. 22.4; p.n. 77; r.a.m. 192.22. 


iron A transition element in 


many ores, especially the oxides 
(haematite and magnetite) and carbon- 
ate. It is extracted in a blast furnace 
using coke, limestone, and hot air, The 
coke and air form carbon monoxide, 
which then reduces the iron ore to iron. 
The limestone removes acidic impurities 
and forms a layer of slag above the 
molten iron at the base of the furnace. 
Steel is formed by reducing the carbon 
Sontent to between 0.1 and 1.5%. Iron is 
used as a catalyst in the Haber process 
for ammonia production. It corrodes in 
air and moisture to hydrated iron(II) 
oxide (rust). 

The most stable oxidation state is +3, 
which is yellow, but +2 (green) and +6 
(casily reduced) also exist. Solutions of 
iron(II) ions give a green precipitate 
with sodium hydroxide solution, where- 
as iron(II) ions give a brown 
precipitate. The concentration of 
iron(II) ions can be estimated in acid 
Solution by titration with standard 
Potassium manganate(VII) solution. 
Tron(III) ions must first be reduced to 
iron(II) ions with sulphur dioxide. 


110 


Symbol: Fe; m.p. 1539°C; b.p. 2887°C; 
T.d. 7.9; p.n. 26; r.a.m. 55.85. 


iron(II) chloride (ferrous chloride, 
FeCl,) A compound prepared by passing 
dry hydrogen chloride gas over heated 
iron. White feathery anhydrous crystals 
are produced. Hydrated iron(II) chlor- 
ide (FeCl;.6H3O) is prepared by reacting 
excess iron with dilute or concentrated 
hydrochloric acid. Green crystals of the 
hexahydrate are obtained on crystal- 
lization from solution. Iron(1I) chloride 
is readily soluble in water, producing an 
acidic solution due to salt hydrolysis. 


iron(III) chloride (ferric chloride, 
FeCl) A compound prepared in the 
anhydrous state as dark red crystals by 
passing dry chlorine over heated iron. 
The product sublimes and is collected in 
a cooled receiver. The hydrated. salt 
(FeCl.6H,O) is prepared by adding 
excess’ iron(III) oxide to concentrated 
hydrochloric acid. On crystallization 
yellow-brown crystals of the hexahy- 
drate are formed. Iron(III) chloride is 
very soluble in water and undergoes salt 
hydrolysis. TÀt temperatures below 
400°C the anhydrous salt exists as a 
dimer, FeCl. 


iron(II) oxide (ferrous oxide, FeO) A 
black powder formed by the careful 
reduction of iron(III) oxide using either 
carbon monoxide or hydrogen. It can 
also be prepared by heating iron(II) 
oxalate in the absence of air. It is only 
Teally stable at high temperatures and 
disproportionates slowly on cooling to 
give iron(II) oxide and iron. Iron(ID 
oxide can be reduced by heating in a 
Stream of hydrogen. When exposed to 
air, it is oxidized to iron(III) oxide. It is 
a basic oxide, dissolving readily in dilute 
acids to form iron(II) salt solutions. tif 
heated to a high temperature in an inert 
atmosphere, iron(II) oxide dispropor- 
tionates to give iron and triiron 
tetroxide. 


iron(III) oxide (ferric oxide, Fe:Os) A 
Tusty-brown solid prepared by the action 
of heat on iron(III) hydroxide or 


it 


irreversible change 


iron(II) sulphate. It occurs in nature as 
the mineral haematite. Industrially it is 
obtained by roasting iron pyrites. 
Iron(III) oxide dissolves in dilute acids 
to produce solutions of iron(II) salts. It 
is stable at red heat, decomposes around 
1300°C to give triiron tetroxide, and can 
be reduced to iron by hydrogen at 
1000°C. tIron(III) oxide is not ionic in 
character but has a structure similar to 
that of aluminium(III) oxide. 


iron(II) sulphate (ferrous sulphate, 
green vitriol, FeSO,7H;0) A compound 
that occurs in nature as the mineral 
melanterite (or copperas). It is made | 
industrially from iron pyrites. In the 
laboratory iron(II) sulphate is prepared 
by dissolving excess iron in dilute 
sulphuric acid. On crystallization, green 
crystals of the heptahydrate are obtained. 
Careful heating of the hydrated salt 
yields anhydrous iron(II) sulphate; on 
further heating the sulphate decomposes 
to give iron(III) oxide, sulphur(IV) 
oxide, and sulphur(VI) oxide. The 
hydrated crystals oxidize easily on 
exposure to air. owing to the formation 
of basic iron(II) sulphate. A freshly 
prepared solution of iron(II) sulphate 
absorbs nitrogen(II) oxide (brown-ring 


phous th the sulphates of zinc, 
magnesi nickel, and cobalt. 


iron(IH) sulphate (ferric sulphate, 
FeXSO45) A compound prepared in the 
hydrated state by the oxidation of 
iron(Il) sulphate dissolved in dilute 
sulphuric acid, using an oxidizing agent, 
such as hydrogen peroxide or concen- 
trated nitric acid. On crystallization, the 
solution deposits a white mass of the 
nonahydrate (FeiSO,).9H;0) The 
anhydrous salt can be prepared by gently 
heating the hydrated salt. Tron(IH) 
sulphate decomposes on heating to give 
jron(II1) oxide and sulphur(VI) oxide. 
it forms alums with the sulphates of 
the alkali metals. 


irreversible change See reversible 
change. 


test). 
os di de crystals are isomor- 


irreversible reaction 


ersible reaction A reaction in 
ireren conversion to products is 
complete; i.e. there is little or no back 
reaction. 


isobars 1. {Two or more nuclides that 
have the same nucleon numbers but 
different proton numbers. 
2, Lines joining points of equal pressure. 


isocyanide +Sce isonitrile. 


isocyanide test (carbylamine reaction) 
YA test for the primary amine group. 
The primary amine is warmed 
with trichloromethane in an alcoholic 
solution of potassium hydroxide. The 
resulting isocyanide (RNC) has a 
characteristic smell of bad onions and is. 
very toxic: 

CHCI, + 3KOH + RNH; > 
RNC + 3KCI + 3H,0 


isoelectronic {Describing compounds 
that have the same number of electrons, 
For example, carbon monoxide (CO) 
and nitrogen (Nz) are isoelectronic. 


isoleucine {See amino acids. 


isomerism The existence of two or more 
chemical compounds with the same 
molecular formulae but different struc- 
tural formulae or different spatial arran- 
gements of atoms. The different forms 
are known as isomers. For example, the 
compound C,H may be butane (with a 
Straight chain of carbon atoms) or 
2-methyl propane (CH;CH(CH;)CH,, 
with a branched chain). 
Structural isomerism is the type of 
isomerism in which the structural 
formulae of the compounds differ, There 
are two main types. In one the isomers 
are different types of compound. An 


example is ethanol (C,H;OH) and 
methoxymethane (CH;OCH;) both 
having the formula C;H;O. In the other 
type of structural isomerism, the isomers 
differ because of the position of a 
functional group. For example, the 
primary alcohol propan-1-0l (CjH;OH) 
and the secondary alcohol propan-2-ol 
(CH;CH(OH)CH)) are isomers. 
Stereoisomerism occurs when two 
compounds with the same molecular 
formulae and the same groups differ 
only in the arrangement of the groups in 
‘Space. There are two types of stereoiso- 
merism. 

Cis-trans isomerism occurs when there 
is restricted rotation about a bond 
between two atoms. Groups attached to 
each atom may be on the same side of 
the bond (the cis isomer) or Opposite 
sides (the trans isomer). Cis-trans 
isomerism also occurs in some inorganic 
complex compounds, when two groups 
may be at adjacent (cis) or Opposite 
(trans) positions, Cis-trans isomerism 
was formerly called geometrical isomer- 
ism. 

Optical isomerism occurs when the 
compound has no plane of symmetry 
and can exist in left- and right-handed 
forms that are mirror images of each 
other. Such molecules have an asym- 
metric atom — i.e. one attached to four 
different groups — called a chiral centre. 
See also optical activity. 


isomorphism The existence of com- 
pounds with the same crystal structure. 


isomorphism, law of tSee Mitscher- 
lich's law. 


isonitrile (isocyanide) tAn organic 
compound of the formula R-NC, 


isoprene See methylbuta-1,3-diene. 


isotherm A line on a chart or graph 


joining points of equal temperature. See 
also isothermal change. 


isothermal change A process that takes 
place at a constant temperature. 
tThroughout an isothermal Process, the 
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Structural isomerism 
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isothermal change 
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cis-trans isomers differing in arrangement about a double bond 
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Cis-trans isomers differing in arrangement about a single bond 
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cis-trans isomers in a planar metal complex 


Cis-trans isomerism 
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system is in thermal equilibrium with its 
surroundings. For example, a cylinder 
of gas in contact with a constant- 
temperature box may be ‘compressed 
slowly by a piston. The work done 
appears as energy, which flows into the 
reservoir to keep the gas at the same 
temperature. Isothermal changes are 
contrasted with adiabatic changes, in 
which no energy enters or leaves the 
system, and the temperature changes. In 
practice no process is perfectly isother- 
mal and none is perfectly adiabatic, 
although some can approximate in 
behaviour to one of these ideals. 


isotones }Two or more nuclides that 
have the same neutron numbers but 
different proton numbers. 


isotonic Describing solutions that have 
the same osmotic pressure. 


isotopes Two or more species of the 
same element differing in their mass 
numbers because of differing numbers 
of neutrons in their nuclei. The nuclei 
must have the same number of protons 
(an clement is chatacterized by its 
proton number). Isotopes of the same 
clement have very similar properties 
because they have the same electron 
configuration, but differ slightly in their 
physical properties. An unstable isotope 
is termed a radioactive isotope or 
radioisotope. i 
TIsotopes of elements are useful in 
chemistry for studies of the mechanisms 
of chemical reactions. A standard techni- 
que is to label one of the atoms ina 
molecule by using an isotope of the 
element. It is then possible to trace the 
way in which this atom behaves 
throughout the course of the reaction. 
For example, in the esterification reac- 
tion: 
ROH + R/COOH = H;O + R'COOR 
It is possible to find which bonds are 
broken by using a labelled oxygen atom. 
If the reaction is performed using 1*0 in 
the alcohol it is found that this nuclide 
appears in the ester, showing that the 
C-OH bond of the acid is broken in the 
reaction. In labelling, radioisotopes are 


Kekulé structure 


detected by counters; stable isotopes 
can also be used, and detected by a mass 
um. 

Isotopes are also used in kinetic studies. 
For example, if the bond between two 
atoms X-Y is broken in the rate-deter- 
mining step, and Y is replaced by a 
heavier isotope of the element, Y*, then 
the reaction rate will be slightly lower 
with the Y* present. This kinetic isotope 
effect is particularly noticeable with 
hydrogen and' deuterium compounds, 
because of the large difference in mass. 


isotopic mass (isotopic weight) +The 
mass number of a given isotope of an 
element. 


isotopic number {The difference bet- 
ween the number of neutrons in an 
atom and the number of protons. 


isotopic weight {See isotopic mass. 


jeweller’s rouge Iron(111) oxide (Fe20;), 
used as a mild abrasive. 


joule Symbol: J The SI unit of energy 
and work, equal to the work done when 
the point of application of a force of one 
newton moves one metre in the direction 
of action of the force. 1 J = 1 Nm. The 
joule is the unit of all forms of energy. 


K 


Kekulé structure fA structure of 
benzene in which there is a hexagonal 
ring with alternate double and single 
bonds. Two possible Kekulé structures 
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kelvin 


contribute to the resonance hybrid of 
benzene. See resonance. 


kelvin Symbol: K The SI base unit of 
thermodynamic temperature. fIt is 
defined as the fraction 1/273.16 of the 
thermodynamic temperature of the triple 
Point of water. Zero kelvin (0 K) is 
absolute zero. One kelvin is the same as 
one degree on the Celsius scale of 
temperature. 


kerosine See paraffin.’ 


ketal fA type of organic compound 
formed by addition of an alcohol to a 
ketone. Addition of one molecule gives 
a hemiketal; two molecules give a full 
ketal. See acetal. 


keto-enol tautomerism fAn equili- 
brium between two isomers in which 
“one isomer is a ketone (the keto form) 
and the other an enol. The equilibrium 
is by transfer of a hydrogen atom 
between the oxygen atom of the carbonyl 
Group and an adjacent carbon atom. 


"ketohexose +a ketose sugar with six 
carbon atoms, Seo sugar. 


OH 


NAA 
POE Ae 


enol form 


=A 
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ketone A type of organic compound with 
the general formula RCOR’, having two 
alkyl or aryl groups bound to a carbonyl 
group. They are made by oxidizing 
secondary alcohols (just as aldehydes 
are made from primary alcohols). Simple 
examples are propanone (acetone, 
CH;COCH;) and butanone (methy- 
lethyl ketone, CH;COC;H,). 
+The chemical reactions of ketones are 
similar in many ways to those of 
aldehydes. The carbonyl group is 
polarized, with positive charge on the 
Carbon and negative charge on the 
oxygen. Thus nucleophilic addition can 
occur at the carbonyl group. Ketones 
thus: 
(1) Undergo addition reactions with 
hydrogen cyanide and hydrogensulphite 
ions. 
(2) Undergo condensation reactions 
with hydroxylamine, hydrazine, and 
their derivatives, 
(3) Are reduced to ( secondary) alcohols. 
They are not however, easily oxidized. 
Strong oxidizing agents give a mixture 
9f carboxylic acids. They do not react 
with Fehling's solution or Tollen's 
Teagent, and do not easily polymerize, 
See also aldehyde, 


ketopentose A ketose Sugar with five 
carbon atoms, See sugar. 


ketose tA Sugar containing a ketone 
(=CO) or potential ketone group. See 
Sugar. 


kieselguhr A naturally occurring very 
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Keto-enol tatomerism 
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porous form of silica (SiO;) used as an 
absorbent material and catalyst support. 


killed spirits Zinc(1l) chloride solution 
used as a flux for solder, so called 
because it is made by adding zinc to 
hydrochloric acid (‘spirits of salt’). 


kilo- Symbol: k A prefix denoting 10°. 
For example, 1 kilometre (km) = 10° 
metres (m). 


„kilogram (kilogramme) Symbol: kg The 
SI base unit of mass, equal to the mass 
of the international prototype of the 
kilogram, which is a piece of platinum- 
iridium kept at Sévres in France. 


kilogramme An alternative spelling of 
kilogram. 


kilowatt-hour Symbol: kWh A unit of 
energy, usually electrical, equal to the 
energy transferred by one kilowatt of 
power in one hour. It has a value of 3.6 
X 10* joules. 


kinetic energy See energy. 
kinetic isotope effect See isotopes. 


kinetics A branch of physical chemistry 
concerned with the study of rates of 
chemical reattions and the effect of 
Physical conditions that influence the 
rate of reaction, e.g. temperature, light, 
* concentration, etc. The measurement of 
these rates under different conditions 
gives information on the mechanism of 
the reaction; ie. on the sequence of 
processes by which reactants are conver- 
ted into products. 


kinetic theory A theory explaining 
Physical properties in terms of the 
motion of particles. The kinetic theory 
of gases assumes that the molecules or 
atoms of a gas are in continuous random 
motion and the pressure (p) exerted on 
the walls of a containing vessel arises 
from the bombardment by these fast 
moving particles. When the temperature 
is raised the speeds increase; so 
Consequently does the pressure. If more 


Kipp's apparatus 


particles are introduced or the volume is 
reduced there are more particles to 
bombard unit area of the walls and the 
pressure also increases. When a particle 
collides with the wall it experiences a 
rate of change of momentum, which is 
proportional to the force exerted. For a 
large number of particles this provides a 
steady force per unit area (or pressure) 
on the wall. 
iFollowing certain additional assump- 
tions, the kinetic theory leads to an 
expression for the pressure exerted by 
an ideal gas. The assumptions are: 
(1) The particles behave as if they are 
hard smooth perfectly elastic points. 
(2) They do not exert any appreciable 
force on each other except during 
collisions. 
(3) The volume occupied by the parti- 
cles themselves is a negligible fraction of 
the volume of the gas. 
(4) The duration of each collision is 
negligible compared with the time 
between collisions. 
By considering the change in momen- 
tum on impact with the walls it can be 
shown that 

p pci? 


where p is the density of the gas and c is 
the root-mean-square speed of the mole- 
cules. The mean-square speed of the 
molecules is proportional to the absolute 
tem] ture: 

a Nmc! = RT 
+See also degrees of freedom. 


Kipp's apparatus An apparatus for the 
production of a gas from the reaction of 
a liquid on a solid. It consists of three 
globes, the upper globe being connected 
via a wide tube to the lower globe. The 
upper glóbe is the liquid reservoir. The 
middle globe contains the solid and also 
has a tap at which the gas may be drawn 
off. When the gas is drawn off the liquid 
rises from the lower globe to enter the 
middle globe and reacts with the solid, 
thereby releasing more gas. When turned 
off the gas released forces the liquid 

* back down into the lower globe and up 
into the reservoir, thus stopping the 
reaction. 
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Kjeldah!’s method 


Kjeldahl's method +A. method used for 
the determination of nitrogen in organic 
compounds. The nitrogenous substance 
is Converted to ammonium sulphate by 
boiling with concentrated sulphuric acid 
(often with a catalyst such as CuSO,) in 
@ specially designed long-necked Kjel- 
dahl flask. The mixture is then made 
alkaline and the ammonia distilled off 
into standard acid for measurement by 
titration. 


Kolbe electrolysis +The electrolysis of 
sodium. salts of carboxylic acids to 
prepare alkanes. The alkane is produced 
at the anode after discharge of the 
carboxylate anion and decomposition of 
the radical; 

RCOO- — RCOO- + e- 
RCOO- | R- + CO; 
R: + RCOO- — R-R + CO; 
and 
2R-— R-R 

As the reaction is a coupling reaction, 
only alkanes with an even number of 
carbon atoms in the chain can be 
Prepared in this way, 


Kroll process +A method of obtaining 
certain ‘metals by reducing the metal 
chloride with magnesium, Titanium can 
be obtained in this way. 

TiCL + 2Mg— 2MgCl + Ti 


krypton A colourless odourless mona- 
tomic element of the rare-gas group, 
now known to form compounds. It 
Occurs in minute quantities (0.001% by 


volume) in air. Krypton is used in 
fluorescent lights. 


Symbol: Kr; m.p. -157,3°C; b.p. 
=153.4°C; d. 3.73 kg m^; p.n. 36; r.a.m. 
83.80, 
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label A stable or radioactive nuclide used 
to investigate some Process, such as a 
ical reaction. Sce isotopes. 


labile {Describing a complex with ligands 
that can easily be replaced. by more 
strongly bonded ligands. 


Lactam 


lactam tA type of organic compound 
containing the -NH.CO.- group as part 
of a ring in the molecule. They can be 
regarded as formed from a straight- 
chain Compound that has an amine 
group (-NH;) at one end of the molecule 
and a carboxylic acid group (-COOH) 
at the other; ie. from an amino acid. 
The reaction of the amine group with 
the carboxylic acid Eroup, with- elimina- 
tion of water, leads to the cyclic lactam, 
which is thus an internal amide. 


lactate +A salt or ester of lactic acid, 


lactic acid +See 2-h 


ydroxypropanoic 
acid. A 


lactone +A type of organic compound 
containing the group -O,CO. as part of 
a ring in the molecule. A lactone can be 
regarded as formed from a compound 


with an alcohol (-OH) group on one 
end of the chain and a carboxylic acid 
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(-COOH) group on the other, The 
lactone then results from reaction of the 
-OH group with the -COOH group; i.e. 
it is an internal ester. 


lactose (milk sugar, CnHxO1ı) A sugar 
found in milk: #It is a disaccharide 
composed of glucose and galactose units. 


laevo-form +See optical activity. 
laevorotatory See optical activity. 


lake fA pigment made by combining an 
Organic dyestuff with an inorganic 
Compound (e.g. an oxide). 


lameliar compound +A compound with 
a crystal structure composed of thin 
Plates or layers. Silicates form many 
compounds with distinct layers. Exam- 
ples are talc (Mgi(OH)2SisO.) and 
Pyrophyllite (Al(OH);:SisO1i9). See also 
intercallation compound. 


lamp black A black pigment; a finely 

divided form of carbon formed by 
incomplete combustion of an organic 
compound, 


lanthanides +See lanthanoids. 


lanthanoids (lanthanides, lanthanons) 
TA group of elements whose electronic 
configurations display back filling of the 
4f-level. There is a maximum of 14 
electrons in an f-orbital. The element 
lanthanum itself has no f-electrons (La 
[Xe]5d'6s2) and is thus strictly not a 
lanthanoid, but it is included by conven- 
tion, thus giving a closely related series 


‘lattice A 


law of conservation of energy 


of 15 elements. Excluding lanthanum, 
the elements all have 4f*6s? configura- 
tions but gadolinium and lutecium have 
an additional 5d! electron. 

The characteristic oxidation state is 
M?* and the great similarity in the size 
of the ions leads to a very close similarity 
of chemical properties and hence to 
great difficulties of separation, using 
conventional methods. Chromatogra- 
phic and solventextraction methods 
have been specially developed for the 
lanthanoids. 


lanthanons +See lanthanoids. 


lanthanum A soft ductile malleable 
silvery metallic element that is the first 
member of the lanthanoid series. It is 
found associated with other lanthanoids 
in many minerals, including monazite 
and bastnasite. Lanthanum is used in 
several alloys (especially for lighter 
flints), as a catalyst, and in compound 
form in carbon-arc searchlights, ctc., 
and in the glass industry. 
Symbol: La; m.p. 920°C; b.p. 3457°C; 
r.d. 6.15; p.n. 57; ra.m. 138.91. 


regular three-dimensional 
arrangement of points. A lattice is used 
to describe the positions of the particles 
(atoms, ions, or molecules) in a crystal- 
line solid. The lattice structure can be 
examined by X-ray diffraction techni- 
ques. 


lattice energy {The energy released 
when ions of opposite charge are 
brought together from infinity to form 
one mole of a given crystal. The lattice 
energy is a measure of the stability of a 
solid ionic substance, with respect to 
jons in the gas. See also Born-Haber 
cycle. 


laughing gas See dinitrogen monoxide. 
lauric acid +See dodecanoic acid. 


law of conservation of energy See 
conservation of energy, law of. 
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law of conservation of mass 


law of conservation of mass See 
conservation of mass, law of. 


law of constant composition See 
constant composition, law of. 


law of constant proportions See 
constant proportions, law of. 


law of definite proportions See definite 
proportions, law of. 


law of isomorphism +See Mitscherlich's 
law. 


law of mass action At constant tempera- 
ture, the rate of a chemical reaction is 
directly proportional to the active mass 
of the reactants, the active mass being 
taken as the concentration in mol dm. 
In general, the rate of reaction decreases 
Steadily as the reaction proceeds; a 
measure of the concentration of any of 
the reactants will give a measure of the 
rate of reaction. 
{For the reaction A + B > products, 
the law of mass action states that. 

rate = k[A][B] 

where [A] represents the concentration 
of A in mol dm, The term active mass 
can only equal the concentration in 
mol dm:* if there is no interaction or 
interference between the reacting mole- 
cules, Many systems exhibit interactions 
and interference and consequently the 
concentration in moldm has to be 
multiplied by an activity coefficient in 
order to obtain the effective active mass, 


law of octaves See Newlands’ law. 


lawrencium A radioactive transuranic 
element of the actinoid series, not found 
naturally on Earth. Several very short- 
lived isotopes have been synthesized. 
Symbol: Lr; p.n. 103. 


laws of chemical combination See 
chemical combination, laws of. 


leaching The washing out of a soluble 
material from an insoluble solid using a 
solvent. This is often carried out in 
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batch tanks or by dispersing the crushed 
solid in a liquid. T 


lead A dense dull grey soft metallic 
element; the fifth member of group IV 
of the periodic table. It occurs in small 
quantities in a wide variety of minerals 
but only a few are economically impor- 
tant. The most important one is galena 
(PbS), found in Australia, Mexico, the 
USA, and Canada. Other minerals are 
anglesite (PbSO,), litharge (PbO), and 
cerussite (PbCO,). 
Galena is often associated with zinc ores 
and the smelting operations of. both lead 
and zinc industries are closely integrated. 
The ore is concentrated by froth flotation 
and the concentrate roasted then 
reduced, 

2PbS + 30; 2PbO + 280; 
PbS + 20. PbSO, 
2PbO + 2C 5 2Pb + 2CO 
2PbO + PbS > 3Pb + SO, 

PbSO, + 2C > Pb + 2CO + SO; 
Silver is often recovered in economic 
quantities from crude lead. 

TThe outer sp? configurations of tin 
and lead give rise to similar properties 
for the:two metals. There is however a 
much greater predominance of the 
divalent state for lead. Both oxides are 
amphoteric, lead(Il) oxide (PbO) 
leading to plumbites and lead(IV) oxide 
(PbO;) to plumbates on dissolution in 
alkalis. Lead also forms mixed oxides 
PbO; (a yellow solid, better written as 
Pb(IDPb(IV)O;) and PbO, (red-lead, 
Pb,(II)Pb(TV)O,). Both metals have low 
melting points and neither is attacked 
by dilute acids; they differ however in 
their reaction with concentrated nitric 
acid 

3Pb + 8HNO, — JPb(NO;); + 2NO + 

4H,0 


Tin gives hydrated Sn(IV) oxide. 
Concentrated hydrochloric acid will not 
attack lead. 

Lead, like tin, forms halides, PbX;, with 
all halogens, PbCL, is the only known 
lead(IV) halide (all halides of SnX, are 
known). The great stability of the Pb(II) 
State leads to Pb(IV) compounds being 
Powerful oxidizing agents, 


Symbol: Pb; m.p. 328°C; b.p. 1755°C; 
t.d. 11.34; p.n. 82; r.a.m. 207.19. 


lead(II) acetate f See lead(II) ethanoate. 


lead-acid accumulator A type of elec- 
trical accumulator used in vehicle 
batteries. It has two sets of plates: 
spongy lead plates connected in series to 
the negative terminal and lead oxide 
plates connected to the positive terminal. 
The material of the electrodes is held in 
a hard lead-alloy grid. The plates are 
interleafed. The electrolyte is dilute 
sulphuric acid. 
The e.m.f. when fully charged is about 
2.2 V. This falls to a steady 2 V when 
current is drawn. As the accumulator 
begins to run down, the e.m.f. falls 
further. During discharge the electrolyte 
becomes more dilute and its relative 
density falls. To recharge the accumula- 
tor, charge is passed through it in the 
opposite direction to the direction of 
current supply. This reverses the cell 
reactions and increases the relative 
density of the electrolyte (c. 1.25 fór a 
fully charged accumulator). 
+The electrolyte contains hydrogen ions 
(H+) and sulphate ions (SO4?-). During 
discharge, H* ions react with the 
lead(IV) oxide to give lead(II) oxide 
and water 
PbO, + 2H* + 2e; + PbO + H;O 
This reaction takes electrons from the 
plate, causing the positive charge. There 
is a further reaction to yield soft lead 
sulphate: 2 
PbO + SO;- + 2H* — PbSO, + H;O 
+ 2e> 
Electrons are released to the electrode, 
producing the negative charge. 
During charging the reactions are rever- 
sed: 


PbSO, + 2e- — Pb + SO,” 
PbSO, + 2H,0 — PbO; + 4H* + 
SO + 2e 


lead(II) carbonate (PbCO;) A white 
Poisonous powder that occurs naturally 
as the mineral cerussite. It forms rhom- 
bic crystals and can be precipitated by 
reacting a cold aqueous solution 'of à 
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lead 


soluble lead salt (e.g. lead(II) nitrate) 
with ammonium carbonate. 


lead(II) carbonate hydroxide (white 
lead, 2PbCO;.Pb(OH)2) The most 
important basic lead carbonate. It can 
be manufactured electrolytically, It has 
been used as a pigment in white and 
coloured paints but it has the consider- 
able drawback that it is poisonous. 


lead-chamber process +A former 
process for the manufacture of sulphuric 
acid by oxidizing sulphur(IV) oxide 
with nitrogen monoxide. The reaction, 
which was carried out in large lead 
chambers, has now been replaced by the 
contact process. 


lead dioxide See lead(IV) oxide. 


lead(II) ethanoate (lead(II) acetate, 
Pb(CH;CO;;) fA compound usually 
xcurring as the hydrate 
Pb(CH;CO;).3H;O, forming mono- 
clinic crystals, At 100°C it loses ethanoic 
acid and water, forming a basic lead(II) 
ethanoate. Its solubility in water is 50 g 
per 100 g of water at 25°C. Lead(II) 
ethanoate can be obtained as an anhy- 
drous salt. Its chief asset is that it is one 
of the few common lead(II) salts that 
are soluble in water. 


lead(IV) hydride See plumbane. 
lead monoxide See lead(II) oxide. 


lead(II) oxide (lead monoxide, PbO) A 
yellow crystalline powder formed by 
roasting molten lead in air. Litharge, the 
most common form, is obtained when 
lead(II) oxide is heated above its melting 
point. If prepared below its melting 
point, another form, called massicot, is 
obtained. Litharge is used in the rubber 
industry, in the manufacture of paints 
and varnishes, and in the manufacture 
of lead ‘glazes for pottery. 


lead(IV) oxide (lead dioxide, PbO2) A 
dark-brown solid forming hexagonal 
crystals, On heating to 310°C it decom- 
poses into lead(II) oxide and oxygen. It 


lead 


can be prepared electrolytically or by 
reacting lead(II) oxide with potassium 
chlorate. Lead(IV) oxide has been used 
in the manufacture of matches. 


fead(II) sulphate (PbSO;) A white 
crystalline solid that occurs naturally as 
the mineral anglesite. It is almost 
insoluble in water and can be pre- 
cipitated by reacting an aqueous solution 
containing sulphate ions with a solution 
of a soluble lead(II) salt (e.g. lead(i1) 
ethanoate). It forms basic lead(II) 
sulphates when shaken together with 
lead(II) hydroxide and water. Basic 
lead(II) sulphates are useful as pigments. 


lead(II) sulphide (PbS) A black solid 
that occurs naturally as the mineral 
galena. It can be prepared as a 
precipitate by reacting a solution of a 
soluble lead(Il) salt with hydrogen 
sulphide or with a solution of a soluble 
sulphide. Lead(II) sulphide is useful as 
a rectifier in electrical components. 


lead  tetraethyi — (tetraethyl lead, 
Pb(CH;CH;)) A poisonous liquid that 
is insoluble in water but soluble in 
organic solvents. It is manufactured by 
the reaction of an alloy of sodium and 
lead with i-chloroethane. The product 
is obtained by steam distillation. Lead 
tetraethyl is used as an additive in 
internal-combustion engine fuel to 
increase its octane number. 


Leblanc process tAn obsolete process 
for the manufacture of sodium carbon- 
ate. Sodium chloride is converted to 
jodium sulphate by heating with 
sulphuric acid. This sulphate is then 
roasted in a rotary furnace where it is 
first reduced to the sulphide using 
carbon, and then immediately converted 
to the carbonate by the action of 
limestone. Sodium carbonate solution is 
obtained by leaching with water and this 
is subsequently dried and calcined to 
obtain the solid. 


Le Chatelier's principle If a system is 
at equilibrium and a change is made in 
the conditions, the equilibrium adjusts 


so as to oppose the change. The prin- 
ciple can be applied to the effect of 
temperature and pressure on chemical 
reactions. A good example is the Haber 
process for synthesis of ammonia: 

Nz + 3H) = 2NH; 
The ‘forward’ reaction 

N: + 3H, > 2NH; 
is exothermic. Thus, reducing the 
temperature displaces the equilibrium 
towards production of NH; (as this 
tends to increase temperature). Increas- 
ing the pressure also favours formation 
of NH;, because this leads to a reduc- 
tion in the total number of molecules 
(and hence pressure). 


Leclanché cell A primary voltaic cell 
consisting, in its ‘wet’ form, of a carbon- 
tod anode and a zinc cathode, with a 
10-20% solution of ammonium chloride 
as electrolyte, Manganese(IV) oxide 
mixed with crushed carbon in a porous 
bag or pot surrounding the anode acts 
as a depolarizing agent. The dry form 
(dry cell) is widely used for torch 
batteries, transistor radios, etc. It has a 
mixture of ammonium chloride, zinc 
chloride, flour, and gum forming an 
electrolyte paste. Sometimes the dry cell. 
is arranged in layers to [orm a 
rectangular battery, which has a longer 
life than the cylinder typé. 


leucine tSce amino acids. 


Lewis acid +A substance that can accept 

an electron pair to form a coordinate 
bond; a Lewis base is an electron-pair 
donor. In this model, the neutralization 
Teaction is seen as the acquisition of a 
stable octet by the acid, for example: 
ChB + :NH; — ClB:NH; 
Metal ions in coordination compounds 
are also electron-pair acceptors and 
therefore Lewis acids, The definition 
includes the ‘traditional’ Brénsted acids 
since H+ is an electron acceptor, but in 
common usage the terms Lewis acid and 
Lewis base are reserved for systems 
without acidic hydrogen atoms. 


Lewis base +See Lewis acid. 
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Lewis octet theory See octet. 
L-form +See optical activity. 
Fform See optical activity. 


Liebig condenser A simple type of 
laboratory condenser. It consists of a 
Straight glass tube, in which the vapour 
is condensed, with a surrounding glass 
jacket through which cooling water 
flows. 


ligand A molecule or ion that forms a 
Coordinate bond to a metal atom or ion 
in a complex. Sce also complex, fchelate. 


light (visible radiation) A form of 
electromagnetic radiation able to be 
detected by the human eye. Its 
wavelength range is between about 400 
nm (far ‘red') and about 700 nm (far 
"violet"). The boundaries are not precise 
as individuals vary in their ability to 
detect extreme wavelengths; this ability 
also declines with age., 


lime See calcium oxide, caicium hydrox- 
ide. 


limestone A natural form of calcium 
carbonate, It is used in making calcium 
compounds, carbon dioxide, and cement. 


lime water A solution of calcium 
hydroxide in water. If carbon dioxide is 
bubbled through lime water a milky 
Precipitate of calcium carbonate forms. 
Prolonged bubbling of carbon dioxide 
turns the solution ciear again as a result 
9f the formation of calcium hydrogen- 
carbonate (Ca(HCO;);). 


line spectrum A. spectrum composed of 
a number of discrete lines correspon- 
ding to single wavelengths of emitted or 
absorbed radiation. Line spectra are 
produced by atoms or simple (mona- 
lomic) ions in gases. Each line corres- 
Ponds to a change in electron orbit, with 
emission or absorption of radiation. See 
also spectrum. 


liquid The state of matter in which the 


lithium 


particles of a substance are loosely 
bound by intermolecular forces. The 
weakness of these forces permits 
movement of the particles and con- 
sequently liquids can change their shape 
within a fixed volume. t The liquid state 
lacks the order of the solid state. Thus, 
amorphous materials, such as glass, in 
which the particles are disordered and 
can move relative to each other, can be 
classed as liquids. 


liquid air A pale blue liquid. It is a 
mixture of liquid oxygen (boiling at 
-182.9"C) and liquid nitrogen (boiling 
at -195.7°C). 


litharge See lead(II) oxide. 
lithia See lithium oxide. 


lithia water See lithium hydrogencar- 
bonate. 


lithium A light silvery moderately reac- 
tive metal; the first member of the alkali 
metals (group I of the periodic table). It 
occurs in a number of complex silicates, 
such as spodumene, lepidolite, and 
petalite, and a mixed phosphate, 
tryphilite. It is a rare element accoun- 
ting for only 0.0065% of the Earth's 
crust. Lithium ores are treated with 
concentrated sulphuric acid and lithium 
sulphate subsequently separated by 
crystallization. The element is obtained 
by conversion to the chloride and 
electrolysis of the fused chloride or of 
solutions of LiCl in pyridine. 
Lithium has the electronic configuration 
1522s! and is entirely monovalent in its 
chemistry. The lithium ion is, however, 
much smaller than the ions of the other 
alkali metals; consequently it is polar- 
izing and a certain degree of covalency 
occurs in its bonds. Lithium also has the 
highest ionization potential of the alkali 
metals. 
+The element reacts with hydrogen to 
form lithium hydride, LiH, a colourless 
high-melting solid, which releases hydro- 
gen at the anode during electrolysis 
(confirming the ionic nature Li*H-). 
The compound reacts with water to 


lithium aluminium hydride 


release hydrogen and is also frequently 
used as a reducing agent in organo- 
metallic synthesis. Lithium reacts with 
oxygen to give Li;O (sodium gives the 
peroxide) and with nitrogen to form 
LiN on fairly gentle warming. The 
metal itself reacts only slowly with 
water, giving the hydroxide (LiOH) but 
lithium oxide reacts much more 
vigorously to give again the hydroxide; 
the nitride is hydrolysed to ammonia. 
The metal reacts with halogens to form 
halides (LiX). Apart from the fluoride 
the halides are readily soluble both in 
water and in oxygen-containing organic 
solvents. In this property lithium partly 
resembles magnesium which has a 
similar charge/size ratio. Compared to 
the other carbonates of group I, lithium 
carbonate is thermally unstable decom- 
posing to Li;O and CO}. This is because 
the small Li* ion leads to particularly 
high lattice energies favouring the 
formation of Li;O. 
Lithium also forms a wide range of 
alkyl- and aryl-compounds with organic 
compounds, which are particularly 
useful in organic synthesis. 
Lithium compounds impart a character- 
istic purple colour to flames. 
Symbol: Li; m.p. 179C; b.p. 1336°C; 
r-d. 0.82; p.n. 3; ram, 6.9. 


lithium aluminium hydride See lithium 
tetrahydridoaluminate(II1), 


lithium carbonate (Li,CO;) A white 
Solid obtained by the addition of excess 
sodium carbonate solution to a solution 
of a lithium salt. It is solubie in the 
Presence of excess carbon dioxide, 
forming lithium hydrogencarbonate. If 
heated (to 780°C) in a stream of hydro- 
gen it undergoes thermal decomposition 
to give lithium oxide and carbon dioxide. 
{Lithium carbonate forms monoclinic 
crystals and differs from the other group 
I carbonates in being only sparingly 
soluble in water. It has a close 
resemblance to the carbonates of 
Magnesium and calcium — an example 
of a diagonal relationship in the periodic 
table. 


lithium chloride (LiCl) A white solid 
produced by dissolving lithium carbon- 
ate or oxide in dilute hydrochloric acid 
and crystallizing the product. Below 
19°C the dihydrate (LiCI.2H,O) is 
obtained; at 19°C the chloride loses one 
molecule of water and becomes anhy- 
drous at 93.5°C. Lithium chloride is 
used as a flux in welding aluminium. 
[The compound forms cubic crystals; 
the anhydrous salt is isomorphous with 
sodium chloride. It dissolves in such 
organic solvents as alcohols, ketones, 
and esters. Lithium chloride is probably 
the most deliquescent substance known 
and forms hydrates with 1, 2, and 3 
molecules of water. 


lithium hydride (LiH) A white crystal- 
line solid produced by direct combina- 
tion of the elements at a temperature 
above 500°C. Electrolysis of the fused 
salt yields hydrogen at the anode. 
Lithium hydride reacts violently with 
water to give lithium hydroxide and 
hydrogen; the reaction is highly exother- 
mic. The compound is used as a reducing 
agent and in the preparation of other 
hydrides. tLithium hydride has a cubic 
Structure and is more stable than the 
group I hydrides. 


lithium hydrogencarbonate (LiHCO;) 
A compound known only in solution, 
produced by the action of carbon 
dioxide, water, ánd lithium carbonate. 
When a solution of the hydrogencar- 
bonate is heated, carbon dioxide and 
lithium carbonate are produced. Solu- 
tions of the hydrogencarbonate are sold 
and used in medicine under the name of 
lithia water. 


lithium hydroxide (LiOH) A white solid 
made industrially as the monohydrate 
(LiOH.H;O) by reacting lime with a 
lithium ore or with a salt made from the 
ore. Lithium hydroxide has a closer 
resemblance to the group II hydroxides 
than to the group I hydroxides. 


lithium oxide (lithia, Li,O) A white 
solid produced by burning metallic 
lithium in air above its melting point. It 
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can also be produced by the thermal 
decomposition of the carbonate or 
hydroxide. Lithium oxide reacts slowly 
with water forming a solution of lithium 
hydroxide; the reaction is exothermic. 
+The oxide has a calcium-fluoride struc- 
ture. 


lithium sulphate (Li;SO,) A white solid 
prepared by the addition of excess 
lithium oxide or carbonate to a solution 
of sulphuric acid. It is readily soluble in 
water from which it crystallizes as the 
monohydrate. fIn contrast to the other 
group I sulphates it does not form alums 
and it is not isomorphous with these 
other sulphates. 


lithium  tetrahydridoaluminate(II1) 
(lithium aluminium hydride, LiAIH4) 
tA white solid produced by action of 
lithium hydride on aluminium chloride, 
the hydride being in excess. Lithium 
tetrahydridoaluminate reacts violently 
with water. It is a powerful reducing 
agent, reducing ketones and carboxylic 
acids to their corresponding alcohols. In 
inorganic chemistry it is used in the 
Preparation of hydrides. 


litmus A natural pigment that changes 
colour when in contact with acids and 
alkalis; above a pH of 8.3 it is blue and 
below a pH of 4.5 it is red. Thus it gives 
a rough indication of the acidity or 
basicity of a solution; because of its 
rather broad range of colour change it is 
Not used for precise work. Litmus is 
used both in solution and as litmus 
Paper. 


litre Symbol: 1 A unit of volume now 
defined as 10 metre?; ic. 1000 cm’. 
The millilitre (ml) is thus the same as 
the cubic centimetre (cm?). However, 
the name is not recommended for precise 
measurements since the litre was 
formerly defined as the volume of one 
kilogram of ‘pure water at 4°C and 
Standard pressure. On this definition, 
One litre is the same as 1000.028 cubic 
centimetres, 


lixiviation The process of separating 


lowering of vapour pressure 


soluble components from a mixture by 
washing them out with water. 


localized bond A bond in which the 
electrons contributing to the bond 
remain between the two atoms concer- 
ned, i.e. the bonding orbital is localized. 
The vast majority of bonds are of this 
type. Compare delocalized bond. 


lone pair A pair of valence electrons 
having opposite spin that are located 
together on one atom, i.e. are not shared 
as in a covalent bond. Lone pairs occupy 
similar positions in space to bond pairs 
and account for the shapes of molecules. 
TA molecule with a lone pair can donate 
this to an electron acceptor, such as H * 
ora metal ion, to form coordinate bonds. 
See complex, Lewis base. 


long period See period. 


lowering of vapour pressure A 
colligative property of solutions in which 
the vapour pressure of a solvent is 
lowered as a solute is introduced. When 
both solvent and solute are volatile the 
effect of increasing the solute concen- 
tration is to lower the partial vapour 
pressure of each component. When the 
solute is a solid of negligible vapour 
pressure the lowering of the vapour 
pressure of the solution is directly 
proportional to the number of species 
introduced rather than to their nature 
and the proportionality constant is 
regarded as a general solvent property. 
Thus the introduction of the same 
number of moles of any solute causes 
the same lowering of vapour pressure, if 
dissociation does not occur. If the solute 
dissociates into two species on dis- 
solution the effect is doubled. 
+The kinetic model for the lowering of 
vapour pressure treats the solute mole- 
cules as occupying part of the surface of 
the liquid phase and thereby restricting 
the escape of solvent molecules. The 
effect can be used in the measurement of 
relative molecular masses, particularly 
for large molecules, such as polymers. 
See also Raoult's law. 


Lowry-Brénsted theory 
Lowry-Brénsted theory +See acid. 


lumen Symbol: lm {The SI unit of 
luminous flux, equal to the luminous 
flux emitted by a point source of one 
candela in a solid angle of one steradian. 
lim = 1 cdsr. 


luminescence The emission of radiation 
Írom a substance in which the particles 
have absorbed energy and gone into 
excited states. They then return to lower 
energy states with the emission of 
electromagnetic radiation. If the lum- 
inescence persists after the source of 
excitation is removed it is called phos- 
phorescence; if mot, it is called 
fluorescence. 


lutetium A Silvery element of the 
lanthanoid series of metals. It occurs in 
association with other lanthanoids. One 
of its few uses is as a catalyst. 
Symbol: Lu; m.p. 1663°C; b.p. 3395*C; 
r.d. 9.84; p.n. 71; ram. 174.97. 


lux Symbol: Ix The SI unit of illumina- 
lion, equal to the illumination produced 
by a luminous flux of one lumen falling 


On a surface of one Square metre. 1 Ix = 
1 Imm? 


Lyman series TA series of lines in the 
ultraviolet spectrum emitted by excited 

hydrogen atoms, They correspond to the 
atomic electrons falling into the lowest 
energy level and emitting energy as 
radiation. The wavelength (A) of the 
radiation in the Lyman series is given 
by 

VA = R70 - 0/9 
+ where n is an integer and R is the 


Rydberg constant. See also spectral 
series. 


lyophilic Solvent attracting; When the 
Solvent is water, the word hydrophilic is 
often used. The terms are applied to: 
(1) Tons or groups on a molecule. In 
aqueous or other polar solutions ions or 
polar grodps are lyophilic. For example, 
the -COO- group on a soap is the 
lyophilic (hydrophilic) part of the mole- 
cule. 


(2) fThe disperse phase in colloids. In 
lyophilic colloids the dispersed particles 
have an affinity for the solvent, and the 
colloids are generally stable. 

Compare lyophobic. 


lyophobic Solvent repelling. When the 
solvent is’ water, the word hydrophobic is 
used. The terms are applied to: 
(1) Ions or groups on a molecule. In 
aqueous or other polar solvents, the 
lyophobic group will be non-polar. For 
example, the hydrocarbon group on a 
soap molecule is the lyophobic (hydro- 
phobic) part. 
(2) fThe disperse phase in colloids. In 
lyophobic colloids the di: i- 
cles are not solvated and the colloid is 
easily solvated. Gold and sulphur sols 
are examples. 
Compare lyophilic. 


lysine +See amino acids. 


M 


macromolecule A large molecule; i.e. a 
natural or synthetic polymer. 


macromolecular crystal A crystal 
composed of atoms joined together by 
covalent bonds, which form giant three- 
dimensional or two-dimensional. net- 
works. Diamond is an example of a 
macromolecular crystal. 


magnesia Sec magnesium oxide. 


magnesite A mineral form of magnesium 
carbonate, MgCO;. 


magnesium A light metallic element; the 
second member of group II of the 
Periodic table (the alkaline earths). It 
has the electronic Configuration of neon 
with two additional outer 3s electrons. 
The element accounts for 2.09% of the 
s crust and is eighth in order of 
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abundance, It occurs in a wide variety 
of minerals such as brucite (Mg(OH);), 
carnallite (MgCl;.K CL.6H;O), epsomite 
(MgSO,.7H;O), magnesite (MgCO;), 
and dolomite (MgCO;.CaCO;); and also 
as MgCl, in sea water. The metal is 
Obtained by several routes, depending 
on the mineral used, but all leading to 
the chloride, followed by electrolysis of 
the fused chloride. 

The element has a fairly low ionization 
Potential and is an electropositive 
element. It reacts directly with oxygen, 
nitrogen, and sulphur on heating, to 
form the oxide, MgO, the nitride, Mg;N;, 
and the sulphide MgS, all of which are 
hydrolysed by water to give the 
hydroxide. 

Magnesium halides are also formed by 
direct reaction with the halogen but 
show a slight deviation in the general 
behaviour by dissolving normally in 


water and only undergoing significant. 


abs when solutions are evapora- 
ted: 


MgX; + 2H;0 — Mg(OH) + 2HX 
Magnesium hydroxide is considerably 
less soluble than the hydroxides of the 
heavier elements in group II and is a 
weaker base. It forms a soluble sulphate, 
chlorate, and nitrate. Like the heavier 
alkaline earths, magnesium forms an 
insoluble carbonate, but MgCO; is the 
least thermally stable of the group. 
Unlike calcium, it does not form a 
Carbide. 

Magnesium metal is industrially impor- 
lant as a major component in light- 
Weight alloys (with aluminium and zinc). 
he metal surfaces develop an imper- 
vious oxide film which protects them 
from progressive deterioration. 
TBecause of its ionic nature magnesium 
forms very few coordination compounds. 
nor-acceptor species in aqueous 
Solutions are short-lived, but magnesium 
bromide and iodide have sufficient 
acceptor properties to dissolve in donor 
solvents such as alcohols and ketones. 
Magnesium appears to be an essential 
element for life, occurring in chloro- 
phyll. 
The Organometallic compounds of 
magnesium are important in synthetic 


magnesium hydroxide 


organic chemistry; magnesium forms 
Grignard reagents, RMgX, and related 
di-alkyls, RMg, by reaction of the metal 
directly with the alkyl bromide or iodide. 
The element crystallizes with the close- 
packed hexagonal structure. 

Symbol: Mg; m.p. 651°C; b.p. 1107*C; 
r.d. 1.74; p.n. 12; r.a.m. 24.3. 


magnesium bicarbonate See mag- 
nesium hydrogencarbonate. 


magnesium carbonate (MgCO;) A 
white solid that occurs naturally as the 
mineral magnesite and in association 
with calcium carbonate in dolomite. 
Magnesium carbonate is sparingly 
soluble in water but reacts with dilute 
acids to give the salt, carbon dioxide, 
and water. Because of this it is used in 
medicine as a mild antacid. Magnesium- 
carbonate also decomposes easily to 
give magnesium oxide, which is an 
important refractory material. It is also 
mixed with asbestos and used to cover 
hot pipes. 


magnesium chloride (MgCl) A solid 
that exists in a variety of hydrated 
forms, most commonly as the hexahy- 
drate, MgCl;.6H;O. When heated, this 
hydrated form is hydrolysed by its water 
of crystallization, with the evolution of 
hydrogen chloride and the formation of 
the oxide: 

MgCl; + H;O + MgO + 2HCI 

The anhydrous chloride must therefore 
be prepared by evaporating an aqueous 
solution in an atmosphere of hydrogen 
chloride. It is used in the preparation of 
cotton fabrics. 


magnesium hydrogencarbonate (mag- 
nesium bicarbonate, Mg(HCO;);) The 
solid hydrogencarbonate is unknown at 
room temperature. The compound is 
produced in solution when water 
containing carbon dioxide dissolves 
magnesium carbonate: 
MgCO; + H;O + CO; —^ Mg(HCO;); 
It is a cause of temporary hardness in 
water. 


magnesium hydroxide (Mg(OH);) A 
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magnesium oxide 


white solid that dissolves sparingly in 
water to give an alkaline solution. It can 
be prepared by adding an alkali to a 
soluble magnesium compound. Mag- 
nesium hydroxide is used in medicine as 
an antacid. 


magnesium oxide (magnesia, MgO) A 
white solid that occurs naturally as the 
mineral periclase. It can be prepared by 
heating magnesium in oxygen or by 
decomposition of magnesium hydroxide, 
carbonate, or nitrate. Magnesium oxide 

. is weakly basic because of the attraction 
of the oxide ions for protons from water 
molecules: 

O* + H,0 > 20H- 
Magnesium oxide melts at 2800°C and 
is widely used as a refractory lining for 
metal, glass, and cement furnaces. 


magnesium peroxide (Mg;O:) tA white 
insoluble solid prepared by reacting 
sodium or barium peroxide with a 
Concentrated solution of a magnesium 
salt. Magnesium peroxide is used as a 
bleach for dyestuffs and silks. 


magnesium sulphate (MgSO,) A solid 
that occurs naturally in many salt 
deposits in combination with other 
minerals. One hydrated form, MgSO.. 
7H:0, is known as Epsom salt. Epsom 
salt is made on a commercial scale by 
Teacting magnesium carbonate with 
sulphuric acid. Magnesium sulphate is 
used as a purgative drug and as an 
antidote for barium and barbiturate 
poisoning. It is also used in the dyeing 
and sizing of textiles, in man-made fibre 
production, and as a source of 
magnesium in fertilizers: 


magnetic quantum number +See atom. 


magnetism The study of the nature and 
cause of magnetic force fields, and how 
different substances are affected by them. 
Magnetic fields are produced by moving 
Charge — on a large scale (as with a 
current in a coil, forming an electro- 
magnet) or on the small scale of the 
. moving charges in the atoms. It is 
generally assumed that the Earth's 


magnetism and that of other planets, 
stars, and galaxies have the same cause. 
{Substances may be classified on the 
basis of how samples interact with fields. 
Different types of magnetic behaviour 
result from the type of atom. Diamag- 
nctism, which is common to all substan- 
ces, is due to the orbital motion of 
electrons. Paramagnetism is due to 
electron spin, and a property of materials 
containing unpaired electrons. It is 
particularly important in transition- 
metal chemistry, in which the complexes 
often contain unpaired electrons. Mag- 
netic measurements can give information 
about the bonding in these complexes. 
Ferromagnetism, the Strongest effect, 
also involves electron spin and the 
alignment of magnetic moments in 
domains. 


malachite A green mineral consisting of 
copper(II) carbonate and hydroxide 
(CuCO;.Cu(OH),). It is used as an ore 
and a pigment., z 


maleic acid tSce butenedioic acid. 


maltose (C;H;O,) A sugar found in 
germinating cereal seeds. It is a disac- 
charide composed of two glucose units. 
Maltose is an important intermediate in 
the enzyme hydrolysis of starch. It is 
further hydrolysed to glucose. 


manganate(VI) fA salt containing the 
ion MnO,?-. 


manganate(VII) (permanganate) tA 
salt containing the ion MnO,-. Man- 
ganate(VII) salts are purple, and strong 
oxidizing agents. In basic solutions the 
dark green manganate( VI) ion is formed. 


manganese A transition metal occurring 
naturally as oxides, eg. pyrolusite 
(MnO;). Its main use is in alloy steels 
made by adding pyrolusite to iron ore in 
an electric furnace. Manganese decom- 
poses cold water and dilute acids to give 
hydrogen and reacts with oxygen and 
nitrogen when heated. The oxidation 
States are +7, +6, +4, and (the most 
stable) +2. Manganese(II) salts are pale 
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pink and with alkali the solutions 
precipitate manganese(II) hydroxide, 
which rapidly oxidizes in air to brown 
manganese(III) oxide. 

Symbol: Mn; m.p. 1244°C; b.p. 2040°C; 
r.d. 7.4; p.n. 25; r.a.m. 54.94. 


manganese dioxide Sce manganese(IV) 
oxide. 


manganese(ll) oxide — (manganous 
oxide, MnO) A green powder prepared 
by heating manganese(II) carbonate or 
oxalate in the absence of air. Alter- 
natively it may be prepared by heating 
the higher manganese oxides in a stream 
of hydrogen. Manganese(II) oxide is a 
basic oxide and is almost insoluble in 
water. At high temperatures it is reduced 
by hydrogen to manganese. On exposure 
to air, manganese(II) oxide rapidly 
oxidizes, fManganese(II) oxide has a 


crystal lattice similar to that of 
sodium(1) chloride. 
manganese(llI) oxide ^ (manganic 


oxide, manganese sesquioxide, Mn;O) 
A black powder obtained by jgniting 
manganese(IV) oxide or a man- 
ganese(II) salt in air at 800°C. It reacts 
slowly with cold dilute acids to form 
manganese(III) salts. Manganese(III) 
oxide occurs in nature as braunite 
(3Mn;O,.MnSiO;), and the monohy- 
drate (Mn;O,.H;O) occurs in the 
mineral manganite. {The mangane- 
se(III) oxide crystal lattice contains 
Mn?* and O* ions. With concentrated 
alkalis, it undergoes disproportionation 
to give manganese(1l) and man- 
ganese(IV) ions. 


manganese(IV) oxide (manganese 
dioxide, MnO;) A black powder 
prepared by the action of heat on 
manganese(II) nitrate. Hydrated forms 
Occur naturally as the minerals pyro- 
lusite and wad (a less pure form). 
Manganese(IV) oxide is insoluble in 
water. It is a powerful oxidizing agent: 
it reacts with hot concentrated hydro- 
chloric acid to produce chlorine and 
with warm sulphuric acid to give oxygen. 
The dihydrate (MnO;.2H;0) is formed 


Markovnikoff's rule 


when potassium permanganate is redu- 
ced in alkaline solution. It is used as a 
catalyst in the laboratory preparation of 
chlorine, as a depolarizer in electric dry 
cells, and in the glass industry. ĦAt 
500-600°C, manganese(IV) oxide dec- 
omposes to give manganese(III) oxide 
and trimanganese tetroxide. It has a 
good electrical conductivity. 


manganese sesquioxide See . man- 
ganese( III) oxide. 


manganic oxide See manganese(III) 
oxide. 


manganous oxide Sce manganese(II) 
oxide. 


mannose (CsHnO.) A simple sugar 
found in many polysaccharides. fIt is an 
aldohexose, isomeric with glucose. 


manometer A device for measuring 
pressure. A simple type is a U-shaped 
glass tube containing mercury or other 
liquid. The pressure difference between 
the arms of the tube is indicated by the 
difference in heights of the liquid. 


marble A dense mineral form of calcium 
carbonate (CaCO;), formed from lime- 
stone. 


Markovnikoff's rule fA rule that 
predicts the quantities of the products. 
formed when an acid (HA) adds to the 
double bond in an alkene. If the alkene 
is not symmetrical two products may 
result; for instance (CH;j;C:CH; can 
yield either (CH;;HCCH3A or (CHs)- 
'ACCH,. The rule states that the major. 
product will be the one in which the 
hydrogen atom attaches itself to the 
carbon atom with the larger number of 
hydrogen atoms. In the example above, 
therefore, the major product is (CH); 
ACCH;. 

The Markovnikoff rule is explainable if 
the mechanism is ionic. The first step is 
addition of H * to one side of the double 
bond, forming a carbonium ion. The 
more stable form of carbonium ion will 
be the form in which the positive charge 


marsh gas 


appears on the carbon atom with the 
largest number of alkyl groups — thus 
the hydrogen tends to attach itself to the 
other carbon. The positive charge is 
partially stabilized by the electron- 
releasing (inductive) effect of the alkyl 
groups. 
Additions of this type do not always 
follow the Markovnikoff rule. Under 
Certain conditions the reaction may 
involve the free radicals H- and As, in 
which case the opposite (anti-Markovni- 
koff) effect occurs. 


marsh gas Methane produced in marshes 
by decomposing vegetation. 


mass Symbol: m A measure of the quan- 
tity of matter in an object. Mass is 
determined in two Ways: the inertial 
mass of a body determines its tendency 
to resist change in Motion; the gravita- 
tional mass determines its gravitational 
attraction for other masses. The SI unit 
of mass is the kilogram. 


mass action, law of Sce law of mass 
action. 

mass-energy equation The equation E 
= mc’, where E is the total energy 
(rest-mass energy + kinetic energy + 
Potential energy) of a mass m, c being 


mass number See nucleon number, 


mass spectrometer tAn instrument for 
Producing ions in a gas and analysing 
them according to their charge/mass 
ratio. The earliest experiments by J. J, 
Thomson used a stream of Positive ions 
from a discharge tube, Which were 
deflected by parallel electric and 
magnetic fields at right angles to the 
beam. Each type of ion formed a 


Parabolic trace on a photographic plate 
(a mass spectrograph). 

In modem instruments, the ions are 
Produced by ionizing the gas with 
electrons. The Positive ions are accelera- 
ted out of this ion source into a high- 


which can be varied so that different 


isotope abundance, They can also be 
used to identify compounds and analyse 
mixtures. An organic compound bom- 
barded with electrons forms a number 
of fragment ions. (Ethane (C3H;), for 
instance, might form CH*, CH,*, 
CH:*, etc.) The relative Proportions of 
different types of ions is used to find the 
Structure of hew compounds. 
characteristic spectrum can also identify 
compounds by comparison with stan- 
dard spectra, 


mass spectrum +See mass spectrometer. 


matrix tA continuous solid phase in 
which particles of a different solid phase 
are embedded. 


matte TA mixture of iron and copper 
sulphides obtained at an intermediate 
Stage in smelting copper ores, 


maxwell Symbol: 
magnetic flux used in the c.g.s, system. 
It is equal to 10-* Wb. 


130 


Cl + CH, > HCI + CHy 
step 3 
CH; + Cl:Cl 2 CH;CI + Cl 


mega- Symbol: M A prefix denoting 10°. 
For example, 1 megahertz (MHz) = 
10° hertz (Hz). 


melting (fusion) The process by which a 
Solid is converted into a liquid by heat 
Or pressure. 


melting point The temperature at which 
à solid is in equilibrium with its liquid 
phase at standard pressure and above 
Which the solid melts. This temperature 
is always the same for a particular solid. 
tlonically bonded solids generally have 
much higher melting points than those 
in which the forces are covalent or 
intermolecular. 


membrane A thin pliable sheet of tissue 
Or other material acting as a boundary. 
The membrane may be either natural 
(as in cells, skin, etc.) or synthetic 
modifications of natural materials (cellu- 
lose derivatives or rubbers). In many 
Physicochemical studies membranes are 
Supported on porous materials, such as 
porcelain, to provide mechanical stren- 
Bth. Membranes are generally permeable 
to some degree. 
tMembranes can be prepared to permit 
the passage of other molecules and 
micromolecular material. Because of 
Permeability effects, concentration dif- 
ferences at a membrane give rise to a 
whole range of membrane-equilibrium 
Studies, of which osmosis, dialysis, and 
ultra-filtration are examples. 
See also semipermeable membrane. 


mendelevium A radioactive transuranic 
element of the actinoid series, not found 
naturally on Earth. Several short-lived 
isotopes have been synthesized. 
Symbol: Md; p.n. 101; stablest isotope 
**Md (half-life 60 days). 


Mendius reaction +The reduction of the 
cyanide group to a primary amine group 
using sodium in alcohol: 

RCN + 2H; ^ RCH;NH; 
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mercury 


It is a method of increasing the chain 
length of compounds in ascending a 
homologous series. 


mercuric chloride See mercury(II) 
chloride. 


mercuric oxide See mercury(II) oxide. 


mercuric sulphide See mercury(II) 
sulphide. 


mercurous chloride See mercury(I) 
chloride. 


mercurous oxide See mercury(I) oxide. 


mercurous sulphide See mercury(I) 
sulphide. 


mercury A transition, metal occurring 
naturally as cinnabar (mercury(II) 
sulphide). The vapour is very poisonous. 
Mercury is used in thermometers, special 
amalgams for dentistry, and in scientific 
apparatus. Mercury compounds are used 
as fungicides, timber preservatives, and 
explosives. 
Symbol: Hg; m.p. -61°C; b.p. 357°C; 
rd. 13.5; p.n. 80; r.a.m. 200.59. See 
amalgam, zinc group. 


mercury cell +A voltaic or electrolytic 
cell in which one or both of the 
electrodes consists of mercury or an 
amalgam. Amalgam electrodes are used 
in the Daniell cell and the Weston 
cadmium cell. Flowing mercury electro- 
des are also used in electrolytic cells. In 
the production of chlorine, sodium 
chloride solution is electrolysed in a cell 
with carbon anodes and a flowing 
mercury cathode. At the cathode, 
sodium metal is formed, which forms an 
amalgam with the mercury. 


mercury(I) chloride (mercurous chlor- 
ide, calomel, Hg2Clz) A white precipitate 
prepared by adding dilute hydrochloric 
acid to a mercury(I) salt solution or by 
subliming mercury(II) chloride with 
mercury. Mercury(I) chloride is spar- 
ingly soluble in water and is blackened 


mercury 


by both ammonia gas, which it absorbs, 
and by alkalis. It is used as a purgative. 


mercury(I) chloride (mercuric chlor- 
ide, HgCl) A colourless crystalline 
compound prepared by direct combina- 
tion of mercury with cold dry chlorine. 
Mercury(II) chloride is soluble in water; 
it also dissolves in concentrated hydro- 
chloric acid due to the formation of 
complex ions, HgCl,?- and HgCl;-. On 
heating, mercury(Il) chloride sublimes 
forming a white translucent mass. It is 
extremely poisonous, but in dilute 
solution (1:1000) it is used as an 
antiseptic. 


mercury(I) oxide (mercurous oxide, 
Hg:0) t(There is some doubt as to the 
existence of this compound.) The black 
precipitate formed on addition of sodium 
hydroxide solution to a solution of 
mercury(I) nitrate is thought by some to 
be mercury(I) oxide; others, who doubt 
its existence, think that thé blackness of 
the precipitate is due to some free 
mercury. X-ray examination of this 
black compound has shown it to be an 
intimate mixture of mercury(II) oxide 
and mercury. 


mercury(II) oxide (mercuric oxide, 
HgO) A poisonous compound formed 
as a yellow powder by the addition of 
sodium(I) hydroxide to a solution of 
mercury(II) nitrate or as a red solid by 
heating mercury at 350°C for a long 
time. The difference in colour is simply 
one of particle size. If the oxide is 
strongly heated it decomposes to give 
mercury and oxygen. 


mercury(I) sulphide (mercurous sul- 
phide, Hg2S) (There is some doubt as to 
the existence of this compound.) +The 
brownish black precipitate formed when 
Mercury is treated with cold concen- 
trated sulphuric acid for a long time is 
thought to be mercury(I) sulphide. 
Alternatively it may be prepared by the 
action of hydrogen sulphide or an 
alkaline sulphide on a mercury(I) salt 
solution. As soon as the mercury(I) 
sulphide has been formed it dispro- 


portionates to give mercury(II) sulphide 
and mercury. 


mercury(II) sulphide (mercuric sul- 
phide, vermilion, HgS) A compound 
that occurs in nature as the minerals 
cinnabar (a red solid) and metacinnabar 
(a black solid). It is prepared as a black 
precipitate by the action of hydrogen 
sulphide on a soluble mercury(II) salt 
solution. On heating, mercury(II) 
sulphide sublimes and becomes red. It is 
insoluble in dilute hydrochloric and 
nitric acids but will dissolve in concen- 
trated nitric acid and aqua regia. 
Mercury(II) sulphide is used as the 
pigment vermilion. 


meso-form +See optical activity. 


meta- 1. +Designating a benzene 
compound with substituents in the 1,3 
positions. The position on a benzene 
ring that is two carbon atoms away 
from a substituent is the meta position. 
This was used in the systematic naming 
Of benzene derivatives, For example, 
meta-dinitrobenzene (or m-dinitroben- 
zene) is 1,3-dinitrobenzene. 
2. fCertain acids regarded as formed 
from an anhydride and water are named 
meta acids to distinguish them from the 
more hydrated ortho acids. For exam- 
ple, H;SiO; (SiO; + H;O) is metasilicic 
acid; H4SiO, (SiO; + 2H;O) is orthosili- 
cic acid. 
See also omtho-, para-. 


metabolism The chemical reactions that 
take place in cells. The molecules taking 
Part in these reactions are termed 
metabolites. Metabolic reactions charac- 
teristically occur in small steps that 
together make up a metabolic pathway. 
They involve the breaking down of 
molecules to provide energy (catabol- 
ism) and the building up of more 
complex molecules and structures from 
simpler molecules (anabolism). 


metabolite A substance that takes part 
ina metabolic reaction, either as reactant 
or product. Some are synthesized within. 
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the organism itself, while others have to 
be taken in as food. 


metal See metals. 
metaldehyde +See ethanal. 


metallic bond A_bond formed between 
atoms of a metallic element in its zero 
oxidation state and in an array of similar 
atoms. The outer electrons of each atom 
are regarded as contributing to an 
‘electron gas’, which occupies the whole 
crystal of the metal. It is the attraction 
of the positive atomic cores for the 
Negative electron gas that provides the 
strength of the metallic bond. 
{Quantum mechanical treatment of the 
electron gas restricts its energy to a 
series of ‘bands’, It is the behaviour of 
electrons in these bands that gives rise 
to semiconductors. 


metallic crystal A crystal formed by 
metal atoms in the solid state. Each 
atom contributes its valence (outer) 
electrons to a ‘sea’ of electrons, which 
are free to migrate through the solid, 
and the ions remaining are arranged in a 
lattice. The ability of electrons to move 
through the lattice accounts for the 
electrical and thermal conductivity of 
metals. 


metallocene +A sandwich compound in 
which a metal atom is coordinated to 
two cyclopentadienyl ions. Ferrocene 
(Fe(C;H;);) is the commonest example. 


metalloid Any of a class of chemical 
elements that are intermediate in proper- 
ties between metals and non-metals. 
Examples are germanium, arsenic, and 
tellurium. 
There is, in fact, no clear-cut distinction 
between metals and non-metals. In the 
periodic table, there is a change from 
metallic to non-metallic properties 
across the table, and an increase in 
metallic properties down a gfoup. 
Consequently there is a diagonal region 
around the centre of the table (B, Si, As, 
Te) in which there is a borderline 
between metals and non-metals, and the 
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metastable state 


metalloids are the borderline cases. 
Elements such as germanium, arsenic, 
and tellurium are semiconductors, but 
other elements are often said to be 
metalloids according to their chemical 
properties. Tin, for instance, forms salts 
with acids but also forms stannates with 
alkalis. Its oxide is amphoteric. Note 
also that tin has metallic (white tin) and 
non-metallic (grey tin) allotropes. 


metallurgy The study of metals, 
especially methods of extracting metals 
from their ores and the formation and 
properties of alloys. 


metals Any of a class of chemical 
elements with certain characteristic 
properties. In everyday usage, metals 
are elements (and alloys) such as iron, 
aluminium, and copper, which are 
lustrous malleable solids — usually good 
conductors of heat and electricity. Note 
that this is not a strict definition — 
some metals are poor conductors, 
mercury is a liquid, etc. 
In chemistry, metals are distinguished 
by their chemical properties, and there 
are two main groups. Reactive metals, 
such as the alkali metals and alkaline- 
earth metals, are electropositive ele- 
ments. They are high in the electro- 
chemical series and tend to form 
compounds by losing electrons to give 
positive ions. They have basic oxides 
and hydroxides. This typical metallic 
behaviour decreases across the periodic 
table and increases down a group in the 
table. 
The other type of metals are the tran- 
sition elements, which are less reactive, 
have variable valences, and tend to form 
complexes. In the solid and liquid states 
metals have metallic bonds, formed by 
positive ions with free electrons. 
See also metalloid, non-metal. 


metastable species tAn excited state of 
an atom, ion, or molecule, that has a 
relatively long lifetime before reverting 
to the ground state. Metastable species 
are intermediates in some reactions. 


metastable state tA condition of a 


metathesis 


system or body in which it appears to be 
in stable equilibrium but, if disturbed, 
can settle into a lower energy state. For 
example, supercooled water is liquid 
below O°C (at standard pressure). When 
a small crystal of ice or dust (for exam- 
ple) is introduced, rapid freezing occurs. 


metathesis Double decomposition. 
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Methanal trimer 


methanal (formaldehyde, HCOH) A 
colourless gaseous aldehyde. It is 
manufactured by the oxidation of 
methanol (500°C and a silver catalyst) 

2CH;OH + 0; —» 2HCOH + 2H,0 
The compound is used in the manufac- 
ture of urea-formaldehyde resins, A 
solution of methanal (40%) in water is 
called formalin. It is extensively used as 
a preservative for biological specimens. 
If an aqueous solution of methanal is 
evaporated a polymer — polymethanal 
— is formed: 
-O-CH;-O-CH;-O-CH;- 

This was formerly called paraformal- 
dehyde. If methanal is distilled from 
acidic solutions a cyclic methanal trimer 
(C)OH,) is produced, 


methane (CH,) A gaseous alkane, 
Natural gas is about 99% methane and 
this provides an important Starting 
material for the organic-chemicals 
industry, Methane can be chlorinated 
directly to produce the more reactive 
chloromethanes, or it can be ‘reformed’ 
by partial oxidation or using steam to 
give mixtures of carbon oxides and 
hydrogen. Methane is the first member 
of the homologous series of alkanes. 


methanoate (formate) A salt or ester of 
methanoic acid. 


methanoic acid (formic acid, HCOOH) 
A liquid carboxylic acid made by the 
action of sulphuric acid on sodium 
methanoate (NaQOCH). It is a strong 
reducing agent. Methanoic acid occurs 
naturally in ants and nettles. 


methanol (methyl alcohol, wood alcohol, 
CH;OH) A colourless liquid alcohol, 
which is used as a solvent and in the 
manufacture of methanal (formal- 
dehyde) for the Plastics and drugs 
industries. Methanol was Originally 
Produced from the distillation of wood, 
Now it is manufactured by the catalytic 
oxidation of methane from natural gas. 


methionine +See amino acids, 
methoxy group The group CH;O-, 
methyl acetate Sec methyl ethanoate. 
methyl alcohol See methanol. 


methylated spirits Ethanol to which is 
added methanol (about 9.5%), pyridine 
(about 0.5%), and a blue dye, The 
ethanol is denatured in this way so that 
it can be sold without excise duty for 
use as a fuel and solvent. 


methylation +A reaction in which a 
methyl group (CH;-) is introduced. 
Friedel-Crafts reactions with halo- 
methanes are examples of methylations. 


methylbenzene (toluene, C;H.CH;) A 
colourless liquid hydrocarbon, similar 
to benzene both in Structure and proper- 
lies. As methylbenzene is much less 
toxic than benzene it is more widely 
used, especially as a Solvent. Large 
quantities are required for the manufac- 
ture of TNT (trinitrotoluene). 
1Methylbenzene is itself produced either 
from the fractional distillation of coal 
tar or from methylcyclohexane (a consti- 
tuent of some crude oils): 

GHiCHy > CH;CH, + 3H; 
A catalyst of aluminium and molyb- 
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denum oxides is employed at high 
temperatures and pressures, 


methyl bromide See bromomethane. 
methyl chloride See chloromethane. 
methylene See carbene. 

methylene group {The group :CH;. 


methyl ethanoate (methyl acetate, 
CH;COOCH;) A colourless liquid ester 
with a fragrant odour, used as a solvent. 


methyl ethyl ketone +See butanone. 
methyl group The group CH;-. 
methyl iodide See iodomethane. 


methyl orange An acid-base indicator 
that is red in solutions below a pH of 3 
and yellow above a pH of 4.4. As the 
transition range is clearly on the acid 
side, methyl orange is suitable for the 
litration of an acid with a moderately 
weak base, such as sodium carbonate. 


methylphenols (cresols, HOC,H4CH;) 
jCompounds with both methyl and 
hydroxyl groups substituted onto the 
benzene ring. There are three isomers, 
with the methyl group in the 2-, 3-, and 
4- positions, respectively. A mixture of 
the isomers can be obtained from coal 
tar. It is used as a germicide. 


methyl red An acid-base indicator that 
is red in solutions below a pH of 4.2 and 
yellow above a pH of 6.3. It is often 
used for the same types of titration as 
methyl orange but the transition range 
of methyl red is nearer neutral (pH7) 
than that of methyl orange. The mole- 
cules are Structurally similar. 


metre Symbol: m The SI base unit of 
length, defined as the length eqbal to 
1650 763.73 wavelengths in vacuum 
corresponding to the transition between 
v levels 2pio and Sd; of the krypton-86 
atom. 


miscible 


metric system A system of units based 
on the metre and the kilogram and using 
multiples and submultiples of 10. SI 
units, c.g.s. units, and m.k.s. units are all 
scientific metric systems of units. 


metric ton Sec tonne. 
mho t Sce siemens. 


micro- Symbol: p A prefix denoting 10-5. 
For example, 1 micrometre (um) = 10-6 
metre (m). 


micron Symbol: um A unit of length 
equal to 10:5 metre. 


microwaves A form of electromagnetic 
radiation, ranging in wavelength from 
about | mm (where it merges with 
infrared) to about 120 mm (bordering. 
on radio waves). Microwaves are 
produced by’ various electronic devices 
including the klyston; they are often 
carried over short distances in tubes of 
rectangular section called wave guides. 
Spectra in the microwave region can 
give information on the rotational 
energy levels of certain molecules. 
See also electromagnetic radiation. 


milk sugar See lactose. 


milli- Symbol: m A prefix denoting 10°’. 
For example, 1 millimetre (mm) = 10> 
metre (m). 


millimetre of mercury Sec mmHg. 


mirror image A shape that is identical to 
another except that its structure is 
reversed as if viewed in a mirror. If an 
object is not symmetrical it cannot be 
superimposed on its mirror image. For 
example, the left hand is the mirror 
image of the right hand. 


Misch metal fA pyrophoric alloy of 
cerium and other lanthanoids, used in 
lighter flints. 


miscible Denoting combinations of 
substances that, when mixed, give rise to 
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Mitscherlich’s law 


only one phase; i.e. substances that 
dissolve in each other. 


Mitscherlich’s law (law of isomor- 
phism) +The law stating that substances 
that crystallize in isomorphous forms 
(i.e. have identical crystalline forms and 
form mixed crystals) have similar chemi- 
cal compositions. The law can be used 
to indicate the formulae of compounds. 
For instance, the fact that chromium 
oxide is isomorphous with Fe;O; and 
ALO; implies that its formula is CrO;. 


mixture Two or more substances forming 
a system in which there is no chemical 
bonding between the two. In homo- 
geneous mixtures (e.g. solutions or 
mixtures of gases) the molecules of the 
substances are mixed, and there is only 
one phase. In heterogeneous mixtures 
(eg. gunpowder or certain alloys) 
different phases can be distinguished. 
Mixtures differ from chemical com- 
pounds in that: 
(1) The chemical properties of the 
components of a mixture are the same 
as those of the pure substances. 
(2) The mixture can be Separated by 
Physical means (e.g. distillation or 
crystallization) or mechanically. 
(3) The proportions of the components 
can vary. Some mixtures (e.g. certain 


solutions) can only vary in proportions 
between definite limits, 


m.k.s. system A system of units based 
on the metre, the kilogram, and the 
second. It formed the basis for SI units, 


mmHg (millimetre of. mercury) A former 
unit of pressure defined as the pressure 
that will support a column of mercury 
one millimetre high under specified 
conditions. It is equal to 133.3224 Pa, 
and is almost identical to the torr. 


molal concentration See concentration. 


molar 1. Denoting a physical quantity 
divided by the amount of substance. In 
almost all cases the amount of substance 
will be in moles. For example, volume 
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(V) divided by the number of moles (n) 
is molar volume V, — v/n. 

2. A molar solution contains one mole 
of solute per cubic decimeter of solvent. 


molarity A measure of the concentration 
of solutions based upon the number of 
molecules or ions present, rather than 
on the mass of solute, in any particular 
volume of solution. The molarity (M) is 
the number of moles of solute in one 
Cubic decimetre (litre). Thus a 0.5M 
solution of hydrochloric acid contains 


0.5 x (1 + 35.5)g HCI per dm? of 
solution. 


mole Symbol: mol The SI base unit of 
amount of substance, defined as the 
amount of substance that contains as 
many clementary entities as there are 
atoms in 0.012 kilogram of carbon-12, 
The elementary entities may be atoms, 
molecules, ions, electrons, Photons, etc., 
and they must be specified. The amount 
of substance is proportional to the 
number of entities, the constant of 
Proportionality being the Avogadro 
number. One mole contains 6.022 045 x 
10? entities. One mole of an element 
with relative atomic mass A has a mass 
of A grams (this mass was formerly 
called one gram-atom of the element). 
One mole of a compound with relative 
molecular mass M has a mass of M 
grams (this was formerly called one 
&ram-molecule of the compound). 


molecular crystal A crystal in which 
molecules, as Opposed to atoms, occupy 
lattice points. Examples include iodine 
and solid carbon dioxide (dry ice). 
Because the forces holding the molecules 
together are weak, molecular crystals 
have low melting points. When the 
molecules are small, the crystal struc- 
ture approximates to a close-packed 
arrangement. See close packing. 


molecular formula The formula of a 
compound showing the number and 
types of the atoms present in a molecule, 
but not the arrangement of the atoms. 
For example, C;H,O represents the 
molecular formula both of ethanol 


(C,;H;OH) and  methoxymethane 
(CH;OCH;). The molecular formula 
can only be determined if the molecular 
weight is known. Compare empirical 
formula, structural formula. 


molecularity The total number of reac- 
ting molecules in the individual steps of 
a chemical reaction. Thus, a unimole- 
cular step has molecularity 1, a bimole- 
cular step 2, etc. Molecularity is always 
an integer, whereas the order of a 
reaction need not necessarily be so. The 
molecularity of a reaction gives no 
information about the mechanism by 
which it takes place. 


molecular orbital See orbital. 


molecular sieve A substance through 
which molecules of a limited range of 
sizes can pass, enabling volatile mixtures 
to be separated. Zeolites and other metal 
aluminium silicates can be manufactured 
with pores of constant dimensions in 
their molecular structure. When a 
sample is passed through a column 
packed with granules of this material, 
some of the molecules enter these pores 
and become trapped. The remainder of 
the mixture passes through the inter- 
stices in the column. The trapped 
molecules can be recovered by heating. 
Molecular-sieve chromatography is 
widely used in chemistry and biochemis- 
try laboratories. 
+A modified form of molecular sieve is 
used in gel filtration. The sieve is a 
continuous gel made from a poly- 
saccharide. In this case, molecules larger 
than the largest pore size are totally 
excluded from the column. 


molecular spectrum The absorption or 
emission spectrum that Ñ characteristic 
of a molecule. Molecular spectra are 
usually band spectra. 


molecular weight See relative molecular 
mass. 


molecule A particle formed by the 
combination of atoms in a whole- 
number ratio. A molecule of an element 


monomer 


(combining atoms are the same, e.g. O2) 
or of a compound (combining atoms are 
different, e.g. HCI) retains the proper- 
ties of that element or compound. Thus, 
any quantity of a compound is a 
collection of many identical molecules. 
Molecular sizes are characteristically 
10-!° to 10°? m. 

+Many molecules of natural products 
are so large that they are regarded as 
giant molecules (macromolecules); they 
may contain thousands of atoms and 
have complex structural formulae that 
require very advanced techniques to 
identify. See also formula, relative 
molecular mass. 


mole fraction ¢The number of moles of 
a given component in a mixture divided 
by the total number of moles present of 
all the components. The mole fraction 
of component A is 

na/(na + ng + nc + «;-) 

where n4 is the number of moles of A, 
etc. 


molybdenum A transition element that 
occurs naturally in molybdenite (MoS). 
It is used in alloy steels and in lamp 
bulbs. The compound ammonium 
molybdate, dissolved in nitric acid, is 
used as a test for phosphates(V). 
Symbol: Mo; m.p. 2620°C; b.p. 4800°C; 
r.d. 10.2; p.n. 42; r.a.m. 95.94. 


monatomic Denoting a molecule, radi- 
cal, or ion consisting of only one atom. 
For example, helium is a monatomic 
gas and H is a monatomic radical. 


monochlorobenzene +See chloroben- 
zene. 


monoclinic crystal See crystal system. 

monosaccharide A sugar that cannot be 
hydrolysed to simpler carbohydrates of 
smaller carbon content. Glucose and 
fructose are examples. 


monomer The molecule, group, (or 
compound) from which a dimer, trimer, 
or polymer is formed. 
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monotropy 


monotropy The existence of a single 
allotrope of an element that is always 
more stable than the other(s) regardless 
of temperature; phosphorus, for exam- 
ple, exhibits monotropy. +The phase 
diagram for a monotropic element shows 
that one allotrope always has a lower 
vapour pressure than the other(s) at all 
temperatures; this is the stable allotrope. 


mordant An inorganic compound used 
to dye cloth. The mordant (e.g. alumin- 
ium hydroxide or chromium salts) is 
precipitated in the fibres of the cloth, 
and the dye then absorbs in the parti- 
cles. 


Moseley's law tLines in the X-ray 
Spectra of elements have frequencies 
that depend of the proton number of the 
element. For a set of elements, a graph 
of the square root of the frequency of X- 
Tay emission against proton number isa 
straight line (for spectral, lines corres- 
ponding to the same transition). 


mother liquor The solution remaining 
after the formation of crystals. 


multicentre bond +A two-electron bond 
formed by the overlap of orbitals from 
more than two atoms (usually 3). The 
bridging in diborane is believed to take 
place by overlap of an sp’ hybrid orbital 
from each boron atom with the Is orbital 
on the hydrogen atom. This multicentre 
bond is called a two-electron three- 
centre bond. The molecule is electron 
deficient. See also electron-deficient 
compounds, 


multiple bond A bond between two 
atoms involving more than one pair of 
electrons, e.g. a double bond or a triple 
bond. +This additional bonding arises 
from overlap of atomic orbitals that are 
perpendicular to the inter-nuclear axis 
and gives rise to an increase in electron 
density above and below the inter- 
nuclear axis. Such bonds are called pi 
bonds (7 bonds). If the sigma bond axis 
is taken as the zaxis (ie. the inter. 
nuclear axis) then overlap of orbitals 
along the x-axis gives rise to a pi bond 
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in the xz plane. Similarly orbitals on the 
y-axis form a pi bond in the yz plane. 


multiple proportions, law of Proposed 
by Dalton in 1804, the principle that 
when two elements A and B combine to 
form more than one compound, the 
weights of B that combine with a fixed 
weight of A are in small whole-number 
Tatios. For example, in nitrous oxide, 
N30, nitric oxide, NO, and dinitrogen 
tetroxide, NO, the amounts of nitrogen 
combined with a fixed weight of oxygen 
are in the ratio 4:2:1. 


multiple-range indicator See universal 
indicator. 


Mumetal ( Trademark) A magnetic alloy 
containing about 75% nickel, the remain- 
der being iron, copper, and chromium 
and sometimes molybdenum. It is easily 
magnetized and demagnetized, has a 
high Permeability, and is used in trans- 
former cores and electromechanical 
equipment. 


muríate An obsolete name for a chloride; 
€g. muriate of potash (KCI). 


mutarotation A change in the optical 
rotation of a solution with time. 


nano- Symbol: n A prefix denoting 10°. 


For example, | nanometre (nm) = 10° 
metre (m). 


naphthalene (Ci Hi) A white crystalline 
Solid with a distinctive smell of moth- 
balls. Naphthalene is found in both the 
middle- and heavy-oil fractions of crude 
oil and is obtained by fractional crystal- 
lization. fIt is used in the manufacture 
of benzene-1,2-dicarboxylic anhydride 


and thence in the production of plastics 
and dyes, 


Representations of naphthalene 


The structure of naphthalene is 'ben- 
zene-like’, having two six-membered 
rings fused together. The reactions are 
characteristic of aromatic compounds. 
See also aromatic compound. 


nascent hydrogen A particularly reac- 
tive form of hydrogen, which is believed 
to exist briefly between its generation 
(e.g. by the action of dilute acid on 
Magnesium) and its appearance as 
bubbles of normal hydrogen gas. It is 
thought that part of the free energy of 
the production reaction remains with 
the hydrogen molecules for a short time. 
Nascent hydrogen may be used to 
Produce the hydrides of phosphorus, 
arsenic, and antimony, which are not 
readily formed from ordinary hydrogen. 


Natta process +A method for the 
manufacture of isotactic polypropene 
using Ziegler catalysts. See also addition 
polymerization, Ziegler process. 


natural abundance See abundance. 
neodymium A toxic silvery element 


having two allotropic forms and belon- 
ging to the lanthanoid series of metals. 


Newlands’ law 


It occurs in association with other 
lanthanoids. Neodymium is used in 
various alloys, as a catalyst, and in 
-compound form in carbon-arc sear- 
chlights, etc., and in the glass industry. 

- Symbol: Nd; m.p. 1021°C; b.p. 3068°C; 
r.d. 6.8 or 7.0; p.n. 60; r.a.m. 144.24. 


neon An inert colourless odourless mona- 
tomic element of the rare-gas group. It 
occurs in minute quantities (0.001895 by 
volume) in air. It is used mainly in neon 
signs and lights. 
Symbol: Ne; m.p. -248.67C; b.p. 
-246.05°C; d. 0.9 kg m^; p.n. 1 
20.18. 


neoprene fA type of synthetic rubber 
made by polymerization of 2-chloro- 
buta-1,2,-diene (H;C:CHCCI:CH;). It 
is more resistant to oil and temperature 
than natural rubbers. 


neptunium A toxic radioactive silvery 
element of the actinoid series of metals 
that was the first transuranic element to 
be synthesized (1940). Found on Earth 
only in minute quantities in uranium 
ores, it is obtained as a by-product in 
plutonium-239 production. 
Symbol: Np; m.p. 640°C; b.p. 3902°C 
(est.); r.d. 20.25; p.n. 93; stablest isotope 
2! Np (half-life 2.2 x 10° years). 


neutralization The stoichiometric reac- 
tion of an acid and a base in volumetric 
analysis. The neutralization point or end 
point is detected with indicators. 


neutron number Symbol: N The number 
of neutrons in the nucleus of an atom; 
ie. the nucleon number (A) minus the 
proton number (Z). 


Newlands’ law (law of octaves) The 
observation that, when the elements are 
arranged in order of increasing atomic 
weight, there is a similarity between 
members that are eight elements apart 
(inclusive). For example, lithium has 
similarities to sodium, beryllium to 
magnesium, and so on. Newlands 
discovered this relationship in 1863 
before the announcement of Mendeléev's 
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newton 


famous periodic law (1869). It is now 
recognized that Newlands” law arises 
from there being eight members in each 
short period. 


newton Symbol: N The SI unit of force, 
equal to the force needed to accelerate 
one kilogram by one metre second-?. 1 
N = lkgms*, 


Nichrome (Trademark) Any of a group 
of nickel-chromium-iron alloys, con- 
taining 60-80% nickel and about 16% 
chromium; small amounts of other 
elements, such as carbon or silicon, may 
be added. They can withstand very high 
temperatures and their high electrical 
resistivity makes them suitable for use 
in heating elements. 


nickel A transition metal that occurs 
natufally as the sulphide and silicate. It 
is extracted by the Mond Process, which 
involves reduction of nickel oxide using 
Carbon monoxide followed by the 
formation and subsequent decomposi- 
tion of volatile nickel carbonyl. Nickel 
is used as a catalyst in the hydrogenation 
of alkenes, e.g. in margarine manufac- 
ture, and in coinage alloys. Its main 
oxidation state is +2 and these 
compounds are usually green. 
Symbol: Ni; m.p. 1450"C; b.p. 2840°C; 
r.d. 8.9; p.n. 28; r.a.m. 58.70. 


nickel carbonyl (Ni(CO),) A colourless 
liquid with a highly toxic vapour. It is 
by passing carbon monoxide 

over finely divided nickel at a tempera- 
ture of approximately 60°C, The Product 
is purified by fractional distillation. 
Nickel carbonyl decomposes on heating 
to give pure nickel, lt is used as a 


catalyst and in the preparation of nickel 
(Mond process). 


nickelic oxide Sec nickel(III) oxide. 


nickel-iron accumulator (Edison cell, 
Nife or NIFE cell) tA type of secon- 
dary cell in which the electrodes are 
formed by steel grids. The positive 
electrode is impregnated with a nickel- 
nickel hydride mixture and the negative 


electrode is impregnated with iron oxide. 
Potassium hydroxide solution forms the 
electrolyte. The nickel-iron cell is lighter 
and more durable than the lead 
accumulator, and it can work with 
higher currents. Its exm.f. is approxi- 
mately 1.3 volts. 


nickelous oxide See nickel(II) oxide. 


nickel(II) oxide (nickelous oxide, NiO) 
pale green powder formed by heating 
nickel(II) hydroxide, nitrate, or carbon- 
ate in the absence of air. It is a basic 
oxide dissolving in dilute acids to give 
green solutions of nickel(II) salts. 
Nickel(II) oxide may be reduced by 
carbon, carbon monoxide, or hydrogen. 


nickel(III) oxide (nickelic oxide, Ni;O;) 
A black powder formed by the action of 
heat on nickel(II) oxide in air. It can 
also be prepared by igniting nickel(II) 
nitrate or carbonate. It exists as the 
dihydrate, Ni;O;.2H;O. 


nickel-silver (German silver) Any of a 
group of alloys containing nickel, 
Copper, and zinc in various proportions 
(but no silver). They are white or silvery 
in colour, can be highly polished, and 
have good Corrosion-resistance. They 
are used, for example, in silver plating, 
chromium plating, and enamelling. 


NIFE cell +See nickel-iron accumulator. 


ninhydrin +A colourless organic com- 
pound that gives a blue coloration with 
amino acids. It is used as a test for 
amino acids; in particular, to show the 
Positions of spots of amino acids in 
paper Chromatography. 


niobium A transition element used in 


welding special Steels, and nuclear 
reactor work. 


Symbol: Nb; m.p. 2500°C; b.p. 4930°C; 
r.d. 8.6; p.n. 41; ram. 92.91. 
nitrate A salt or ester of nitric acid. 


nitration +A reaction introducing the 
-NO; (nitro) group into an organic 
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compound. Nitration of aromatic com- 
pounds is usually carried out using a 
mixture of concentrated nitric and 
sulphuric acids, although the precise 
conditions will differ from compound to 
compound. The attacking species is 
NO;* (the nitryl cation), and the 
reaction is an example of electrophilic 
substitution. 


nitre See potassium nitrate. 


nitric acid (HNO) A colourless fuming 
corrosive liquid that is a strong acid. 
Nitric acid can be made in a laboratory 
by the distillation of a mixture of an 
alkali metal nitrate and concentrated 
sulphuric acid. Commercially it is 
prepared by the catalytic oxidation of 
ammonia and is supplied as concen- 
trated nitric acid, which contains 68% of 
the acid and is often coloured yellow by 
dissolved oxides of nitrogen. Nitric acid 
is a strong oxidizing agent. Most metals 
are converted to their nitrates with the 
evolution of oxides of nitrogen (the 
composition of the mixture of the oxides 
depends on the temperature and on the 
concentration of the nitric acid used). 
tSome non-metals (e.g. sulphur and 
phosphorus) react to produce oxyacids. 
Organic substances (e.g. sawdust and 
ethanol) react violently, but the more 
stable aromatic compounds, such as 
benzene and toluene, can be converted 
to nitro compounds in controllable 
reactions, 


nitric oxide See nitrogen monoxide. 
nitriding Sce case hardening. 


nitrile (cyanide) fA type of organic 
compound containing the -CN group. 
Nitriles are colourless liquids with 
pleasant smells. They can be prepared 
by either refluxing an organic halogen 
compound with an alcoholic solution of 
potassium cyanide, or by dehydration of 
an amide with phosphorus(V) oxide. 
Characteristic reactions. are hydrolysis 
(to the carboxylic acid and ammonia) 
and reduction with hydrogen gas (to an 
amine). 
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nitrogen 
nitrite A salt or ester of nitrous acid. 


nitrobenzene (C«H;NO;) tA yellow 
organic oil obtained by refluxing 
benzene with a mixture of concentrated 
nitric and sulphuric acids. The reaction 
is a typical electrophilic substitution on 
the benzene ring by the nitryl cation 
(NO;*). 


nitrocellulose See cellulose nitrate. 


O 
ir 
C)- i 
\, 
Nitro compound 


nitro compound fA type of organic 
compound containing the nitro group 
(-NO;) attached to an aromatic ring. 
Nitro compounds can be prepared by 
nitration using a mixture of concen- 
trated nitric and sulphuric acids. They 
can be reduced to aromatic amines: 
RNO; + 3H; — RNH; + 2H;0 
They can also undergo further substi- 
tution on the benzene ring. The nitro 
group directs substituents into the 3 
position. 


nitrogen The first element of group V of 
the periodic table; a very electronegative 
element existing in the uncombined state 
as gaseous diatomic Nz molecules. 
Nitrogen has the electronic configura- 
tion [He]2s?2p?. It is typically non- 
metallic and its bonding is primarily by 
polarized covalent bonds. With electro- 
positive elements the nitride ion N?- 
may be formed. 
Nitrogen accounts for about 78% of the 
atmosphere (by volume) and it also 
occurs as sodium nitrate in various 
mineral deposits. It is separated for 
industrial use by the fractionation of 
liquid air. Pure nitrogen is prepared by 
thermal decomposition of azides; 

2NaN;  2Na + 3N; 


nitrogen dioxide 


The ‘active nitrogen’ gas obtained by 
passing an electric discharge through 
nitrogen is a mixture of ordinary nitro- 
gen molecules and excited single nitro- 
gen atoms. 

Nitrogen is a diatomic molecule, which 
is effectively triple-bonded and has a 
high dissociation energy (940 kJmol“'). 
it is therefore inert and it only reacts 
readily with lithium and the highly 
electropositive elements of group II. 
The direct combination of nitrogen and 
hydrogen occurs at elevated tempera- 
tures and pressures (400-600°C, 100 
atmospheres) and is the basis of the 
industrially important Haber process for 
the manufacture of ammonia. 
Nitrogen forms at least ei, 
Dinitrogen monoxide (nitrous oxide, 
N30) — a neutral oxide. 

Nitrogen monoxide (nitric oxide, NO) 
— a neutral oxide. 

Nitrogen(III) oxide (nitrogen ses- 
quioxide, N;O;) — an unstable oxide 
that is the anhydride of nitrous acid. 
Nitrogen dioxide (NO:), which gives a 
mixture of nitrous and nitric acids in 
water. 

Dinitrogen tetroxide (N2014), which is 
in equilibrium with nitrogen dioxide. 
Dinitrogen pentoxide (N;0:) — the 
anhydride of nitric acid. 

Nitrogen trioxide (NO;). 

TNitrogen also forms a number of binary 
halides such as NF), NCI, and halogen 
azides such as CIN;. Except for NF, 
these are all Very explosive, and even 
NF, which is reputedly stable, has been 
known to explode. 

Transition metals form nitrides that are 
different from the ionic or covalent 
Nitrides, the Stoichiometries are, for 
example, ZrN, W:N, Mn,N. They are 
often called ‘interstitial’ nitrides, They 
are very hard and their formation is the 
basis of surface hardening by exposing 
hot metal to ammonia gas. 

Nitrogen has two isotopes; '4N, the 
common isotope and !*N, about 0.3% 
abundant. 'N is used as a marker in 
mass spectrometric studies. 

Symbol: N; mp. -210°C; bp. -195°C; 
d. 1.2506 kg m^; p.n. 7; ram. 14. 
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nitrogen dioxide (NO;) A brown gas 
produced by the dissociation of dinitro- 
gen tetroxide, the dissociation being 
complete at 140°C. Further heating 
causes dissociation to colourless nitro- 
gen monoxide and oxygen: 

2NO:(g) = 2NO(g) + Ox(g) 

Nitrogen dioxide can also be made by 
the action of heat on metal nitrates (not 
the nitrates of the alkali metals or some 
of the alkaline-earth metals). 


nitrogen fixation A reaction in which 
atmospheric nitrogen is converted into 
nitrogen compounds. Nitrogen fixation 
Occurs naturally by certain bacteria (in 
the soil and in the roots of leguminous 
plants). Small amounts of nitrogen(II) 
oxide (NO) are also formed in thun- 
derstorms by direct combination of the 
elements in the electrical discharge. 
Fixation of nitrogen is important 
because nitrogen is an essential element 
for plant growth, and vast amounts of 
nitrogenous fertilizers are also required 
for agriculture. Former processes for 
fixing nitrogen were the Birkeland-Eyde 
process (reacting N; and Ozin an electric 
arc — the equivalent of the thunder- 
storm in nature), and the cyanamide 
process (heating calcium dicarbide with 
nitrogen to give CaCN;). Now the major 


method is the Haber process for making 
ammonia. 


nitrogen monoxide (nitric oxide, NO) 
^ colourless gas that is insoluble in 
water but dissolves in a solution contain- 
ing iron(II) ions owing to the formation 
of the complex ion (FeNO)?*: the 
nitrogen monoxide can be released by 
heating. Nitrogen monoxide is prepared. 
by the action of nitric acid on copper 
turnings; the impure Product can be 
Purified by using a solution of iron(II) 
ions to absorb the Product. Commer- 
cially, nitrogen monoxide is prepared by 
the catalytic oxidation of ammonia or 
by the direct union of nitrogen and 
oxygen in an electric arc. Nitrogen 
monoxide is the most heat.stable of the 
oxides of nitrogen, only decomposing 
above 1000°C, At ordinary temperatures 


it combines immediately with oxygen to 
give nitrogen dioxide: 
2NO(g) + Ox(g) + 2NO.(g) 


nitrogenous base See quaternary 
ammonium compound. 


nitroglycerine A highly explosive 
substance used in dynamite. It is 
obtained by treating glycerol (1,2,3-tri- 
hydroxypropane) with a mixture of 
concentrated nitric and sulphuric acids. 
fit is not a nitro compound, but a 
nitrate ester 
CHi(NO;))CH(NO))CH;(NO;) 


nitro group +The group -NOx the 
functional group of nitro compounds. 


nitronium ion 1See nitryl ion. 


nitrophenols (CH4(OH)NO:;) Organic 
compounds formed directly or indirectly 
by the nitration of phenol. Three 
isomeric forms are possible. The 2 and 4 
isomers are produced by the direct 
nitration of phenol and can be separated 
by. steam distillation, the 2 isomer being 
Steam volatile. The 3 isomer is produced 
from nitrobenzene by formation of 
1,3-dinitrobenzene, conversion to 3-nit- 
rophenylamine, and thence by diazotiza- 
tion to 3-nitrophenol. 


nitrous acid (HNO;) A weak acid known 
only in solution, obtained by acidifying 
a solution of a nitrite. It readily decom- 
poses on warming or shaking to nitro- 
Ben monoxide and nitric acid. {The use 
of nitrous acid is very important in the 
dyestuffs industry in the diazo reaction: 
nitrous acid is liberated by acidifying a 
solution of a nitrite (usually sodium 
nitrite) in the presence of the compound 
to be diazotized. Nitrous acid and the 
nitrites are normally reducing agents but 
in certain circumstances they can behave 
as oxidizing agents, e.g. with sulphur 
dioxide and hydrogen sulphide. 


nitrous oxide See dinitrogen oxide. 


hitryl ion (nitronium ion) +The positive 
ion NO;*. See nitration. 
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noble gases 
NMR #See nuclear magnetic resonance. 


nobelium A radioactive transuranic 
element of the actinoid series, not found 
naturally on Earth. Several very short- 
lived isotopes have been synthesized. 
Symbol: No; p.n. 102. 


noble gases (rare gases, inert gases, 
group 0 elements) A group of mona- 
tomic, low-boiling gases classified as 
belonging to group 0 of the periodic 
table and occupying a position between 
the highly electronegative group VII 
elements and the highly electropositive 
group I elements. They are: helium 
(He), neon (Ne), argon (Ar), krypton 
(Kr), xenon (Xe), and radon (Rn). This 
complete filling of the s and p levels 
gives a closed-shell structure and is 
associated with a general lack of chemi- 
cal reactivity and very high ionization 
energies. It is the acquisition of a stable 
noble-gas configuration that is asso- 
ciated with determining the valence of 
many covalent and ionic compounds. 
Prior to 1962 the noble gases were 
frequently called inert gases as no 
chemical compounds were known (there 
were a few clathrates and 'hydrates'), 
but the realization that the ionization 
potential of xenon was sufficiently low. 
to be accessible to chemical reaction led 
to the preparation of several fluorides, 
oxides, oxyfluorides, and a hexafluoro- 
platinate of xenon. Several unstable 
krypton fluoride species have also been 
claimed. 

Argon forms about 1% of the atmosphere 
but the other gases are present in only 
minute traces (excluding radon). They 
are obtained by fractionation of liquid 
air or (in the US) of natural gas. 
Considerable amounts of argon are 
produced as a by-product from ammo- 
nia-plant tail gas. Their applications 
depending heavily on their inertness; for 
example, welding (Ar), filling light bulbs 
(Ar) gas-stirring in high temperature 
metallurgy (Ar), powder technology 
(Ar), discharge tubes (Ne), and chemical 
research/as inert carriers (He, Ar). Neon 
has been proposed as an oxygen diluent 
for deep-sea diving because of its lower 


non-benzenoid aromatic 


solubility in blood. Liquid helium is 
extensively used in low-temperature 
work and radon is used therapeutically 
as a source of a-particles. 
{The gases helium and argon are formed 
by radioactive decay in various minerals, 
for example argon by electron capture 
of *K. This mechanism may be applied 
to age-determination of minerals. Radon 
is generally obtained as ?"Rm from 
decay of radium. The half-life is only 
about 3.8 days. 


non-benzenoid aromatic +See aromatic 
compound. 


non-localized bond See delocalized 
bond. 


non-metal Any of a class of chemical 
elements. Non-metals lie in the top 
right-hand region of the periodic table, 
They are electronegative elements with 
a tendency to form covalent compounds 
or negative ions. They have acidic oxides 
and hydroxides. In the solid State, non- 
metals are either covalent volatile 
crystals or macromolecular (giant- 


covalent) crystals. See also metal, metal- 
loid. 


non-polar compound A compound that 
has molecules with no Permanent dipole 
moment. Examples of non-polar com- 
Pounds are hydrogen, tetrachloro- 
methane, and carbon dioxide. 


non-polar solvent A soivent that does 
Not possess a permanent electric dipole 
moment aad consequently has no drive 
towards intermolecular association with 
polar species, Non-polar solvents are 
usually good solvents for non-polar 
solutes. For example, carbon tetrach- 
loride, hexane, and benzene are good 
solvents for iodine, 
{Solvation energies are usually low and 
the driving force for dissolution by non- 
polar solvents is the increased disorder 
of the solution. 
Compare polar solvent. 

normality +The 


number of gram 


equivalents per cubic decimetre of a 
given solution. 


normal solution A solution that contains 
one gram equivalent weight per litre of 
solution. Values are designated by the 
symbol N, e.g. 0.2N, N/10, etc. Because 
there is not a clear definition of 
equivalent weight suitable for all reac- 
tions, a solution may have one value of 
normality for one reaction and another 
value in a different reaction. Because of 
this many workers prefer the molar 
solution notation. 


NTP See STP. 


nuclear magnetic resonance (NMR) 
TA method of investigating nuclear spin. 
In an external magnetic field the nucleus 
can have certain quantized energy states, 
Corresponding to certain orientations of 
the spin magnetic moment. Hydrogen 
nuclei, for instance, can have two energy 
states, and transitions between the two 
occur by absorption of radiofrequency 
radiation. In chemistry, this is the basis 
of a speciroscopic technique for investi- 
gating the structure of molecules. Radio- 
frequency radiation is fed to a sample 
and the magnetic field is Changed siowly. 
Absorption of the radiation is detected 
when the difference between the nuclear 
levels corresponds to absorption of a 
quantum of radiation. This difference 
depends slightly on the electrons around 
the nucleus — i.e. the position of the 
atom in the molecule. Thus a different 
absorption frequency is seen for each 
type of hydrogen atom. In ethanol, for 
example, there are three frequencies, 
Corresponding to hydrogen atoms on the 
CH, the CH;, and the OH. The inten- 
sity of absorption also depends on the 
number of hydrogen atoms (3:2:1). 
NMR spectroscopy is a powerful 
method of finding the structures of 
Organic compounds, 


nucleon number (mass number) Symbol: 
A The number of nucleons (protons. 
plus'neutrons) in an atomic nucleus. 


nucleophile +An electron-rich ion or 
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molecule that takes part in an organic 
reaction. The nucleophile can be a 
negative ion (Br-, CN-) or a molecule 
with a lone pair of electrons (NH3, 
H20). The nucleophile attacks positively 
charged parts of molecules, which 
usually arise from the presence of an 
electronegative atom elsewhere in the 
molecule. Compare electrophile. 


nucleophilic addition +A class of reac- 
tion involving the addition of a small 
molecule to an unsaturated organic 
compound. Since these reactions are 
initiated by nucleophiles, the unsa- 
turated bond must contain an elec- 
tronegative atom, which creates an 
electron-deficient area in the molecule. 
Nucleophilic addition is a characteristic 
reaction of aldehydes and ketones and is 
often followed by the subsequent 
elimination of a different small molecule, 
Particularly water. The addition of 
hydrogen cyanide to propanone is an 
example: 
CH;COCH, + HCN > CH;C(CN) 
(OH)CH, 
See also condensation reaction. 


nucleophilic substitution +A reaction 
involving the substitution of an atom or 
group of atoms in an organic compound 
with a nucleophile as the attacking 
Substituent. Since nucleophiles are elec- 
tron-rich species, nucleophilic substi- 
tution occurs in compounds in which a 
Strongly electronegative atom or group 
leads to a dipolar bond. The electron- 
deficient centre can then be attacked by 
the electron-rich nucleophile causing 
the electronegative atom or group to be 
displaced. In general terms: 

R-Le + Nu: > R-Nu + Le- 
Where Nu- represents the incoming 
nucleophile and Le- represents the 
leaving group. . Ü 
There are two possible mechanisms for 
nucleophilic substitution. In the Syl 
Teaction the molecule first forms a 
carbonium ion; for example: 

RCH;CI — RCH;* + CI- 
The nucleophile then attaches itself to 
this carbonium ion: 

RCH;* + OH- > RCH,OH 


nuclide 


In the Sy2 reaction the nucleophile 
approaches as the other group leaves, 
forming a transition state in which the 
carbon has five attached groups. 

The preferred mechanism depends on 
several factors: 

(1) The stability of the intermediate in 
the Syl mechanism. 

(2) Steric factors affecting the formation 
of the transition state in the Sy2 
mechanism. S 
(3) The solvent in which the reaction 
‘occurs: polar solvents will stabilize polar 
intermediates and so favour the Syl 
mechanism. 4 

In practice, however, both routes or 
some intermediate mechanism is thought 
to operate in many cases. 

Sce also substitution reaction. 


nucleus The compact positively charged 
centre of an atom made up of one or 
more nucleons (protons and neutrons) 
around which is a cloud of electrons. 
The density of nuclei is about 10'* 
kgm. The number of protons in the 
nucleus defines the element, being its 
proton number (or atomic number). 
The nucleon number, or atomic mass 
number, is the sum of the protons and 
neutrons. The simplest nucleus is that of 
a hydrogen atom, 'H, being simply one 
proton (mass 1.67 x 107? kg). The 
most massive naturally occurring nuc- 
leus is ?*U of 92 protons and 146 
protons (mass 4 x 107?5 kg, radius 9.54 
X 10°! m). Only certain combinations 
of protons and neutrons form stable 
nuclei. Others undergo spontaneous 
decay. 
A nucleus is depicted by a symbol indi- 
cating nucleon number (mass number), 
proton number (atomic number), and 
element name. For example, {Na repre- 
sents a nucleus of sodium having 11 
protons and mass 23, hence there are 
(23 - 11) = 12 neutrons. 


nuclide A nuclear species with a given 
number of protons and neutrons; for 
example, ?Na, ?*Na, and ?*Mg are all 
different nuclides. Thus: 
11Na has 11 protons and 12 neutrons 
fiNa has 11 protons and 13 neutrons 
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nuclide 
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Sw! mechanism: note that the entering ion ma 


y enter either side of the intermediate. 
If the reactant has a chiral centre, a mix 


‘ture of optical isomers is formed. 


Sy2 mechanism: note that the entering ion enters from the Opposite side to the leaving 
group, and inversion occurs. 


Nucleophilic substitution 
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7iMg has 12 protons and 12 neutrons 
The term is applied to the nucleus and 
often also to the atom. 


nylon +A type of synthetic polymer linked 
by amide groups -NH.CO-. Nylon 
polymers can be made by copoly- 
merization of a molecule containing two 
amine groups with one containing two 
carboxylic acid groups. 


(0) 


occlusion 1. The process in which small 
amounts of one substance are trapped in 
the crystals of another; for example, 
pockets of liquid occluded during 
crystallization from a solution. 
2. Absorption of a gar by a solid; for 
example, the occlusion of hydrogen by 
palladium. 


Octadecanoic acid (stearic acid, 
CH;(CH;)4COOH) A solid carboxylic 
acid present in fats and oils as the 
glyceride, 


octadecenoic acid Cis-9-octadecenoic 


H H 
N— (CH2),—N 


H 


1,6-diaminohexane 


—HN——(CHjg—NH——C 


octane rating 


acid (or oleic acid) is a naturally 

Occurring carboxylic acid present (as 

glycerides) in fats and oils: 
CH3(CH;5CH:CH(CH;;COOH 


octahydrate A crystalline compound 

containing eight molecules of water of 
crystallization per molecule of com- 
pound. 


octavalent Having a valence of eight. 


octane (CsHis) A liquid alkane obtained 
from the light fraction of crude oil. 
Octane and its isomers are the principal 
constituents of petrol, which is obtained 
as the refined light fraction from crude 
oil. See also octane rating. 


octane rating A rating for the perfor- 
mance of petrol in internal-combustion 
engines. The octane rating measures the 
freedom from ‘knocking’ — i.e. preigni- 
tion of the fuel in the engine. This 
depends on the relative proportions of 
branched-chain and straight-chain hyd- 
rocarbons present. High proportions of 
branched-chain alkanes are better in 
high-performance engines. In rating 
fuels, 2,2,4-trimethylpentane (isooctane) 
is given a value of 100 and heptane is 
given a value 0. The performance of a 


C—(CH),—C 


OH 
hexanedio:c acid 


(CH24,——C—— NH—— (CH), — 


Formation of nylon 
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octaves, law of 


fuel is compared with a mixture of these 
hydrocarbons. 


octaves, law of See Newlands’ law. 


octet A stable shell of eight electrons in 
an atom. The completion of the octet 
gives rise to particular stability and this 
is the basis of the Lewis octet theory, 
thus: 
(1) the noble gases have complete octets 
and are chemically inert, 
(2) the bonding in small covalent 
molecules is frequently achieved by the 
central atom completing its octet by 
Sharing electrons with surrounding 
atoms, e.g. CH4, HO, 
(3) the ions formed by electropositive 
and electronegative elements are gener- 
ally those with a complete octet, e.g. 
Nat, Ca?*, 07, Ct. 


oersted Symbol: Oe fA unit of magnetic 
field strength in the C.g.s. system. It is 
equal to 10/47 A m:!, 


ohm Symbol: 9 The SI unit of electrical 
resistance, equal to a resistance that 
Passes à current of one ampere when 
there is an electric potential difference 
of one volt across it. 1 2-21vA-. 
it was defined in terms of 
ice of a column of mercury 
under specified conditions. 


oil Any of various viscous liquids. See 
petroleum, tglyceride. 


oil of vitriol Sulphuric( VI) acid. 
oleate fA salt or ester of oleic acid. 


olefin See alkene. 
Oleic acid See octadecenoic acid. 


oleum (pyrosulphuric aci 
colourless fuming liquid formed by 
dissolving sulphur(VI) oxide in concen- 
trated sulphuric acid. It gives sulphuric 
acid on diluting with water. See contact 
Process. 


id, H2S,0;) A 


onium ion {An ion formed by addition 
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of a proton (H*) to a molecule. The 
hydronium ion (H;0*) and ammonium 
ion (NH,*) are examples. 


Open-hearth process A method of 
making steel by heating pig iron in an 
Open-hearth furnace by burning a 
mixture of gas and air. Oxygen is injected 
through pipes to oxidize impurities and 
burn off carbon, and lime is used to 
form a slag. 


optical activity The ability of certain 
compounds to rotate the plane of 
polarization. of plane-polarized light 
when the light is passed through them. 
Optical activity can be Observed in 
crystals, gases, liquids, and solutions. 
The amount of rotation depends on the 
concentration of the compound. 
Optical activity is caused by the interac- 
tion of the varying electric field of the 
light with the electrons in the molecule. 
It occurs when the. molecules are asym- 
metric — ie. they have no plane of 
symmetry. Such molecules have a mirror 
image that cannot be superimposed on 
the original molecule. In organic 
compounds this usually means that they 
contain a carbon atom attached to four 
different groups, forming a chiral centre. 
two mirror-image forms of an 
asymmetric molecule are Optical iso- 
mers. One isomer will rotate the 
Polarized light in one sense and the 
Other by the same amount in the 
Opposite sense. Such isomers are 
described as dextrorotatory or laevoro- 
fatory, according to whether they rotate 
the plane to the ‘right’ or ‘left’ Tespec- 
tively (rotation to the left is clockwise 
to an observer viewing the light coming 
towards him). Dextrorotatory com- 
Pounds are given the symbol d or (+) 
and laevorotatory compounds / or (-). 
A mixture of the two isomers in equal 
amounts does not show optical activity. 
Such a mixture is sometimes called the 
dlform, a Tacemate, or a racemic 
mixture. 
Optical isomers have identical physical 
Properties (apart from optical activity) 
and cannot be Separated by fractional 
crystallization or distillation. Their 
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Optical isomers of lactic acid 
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Isomers of tartaric acid 


Optical isomers 


general chemical behaviour is also the 
same, although they do differ in reac- 
tions involving other optical isomers. 
Many naturally occurring substances 
are optically active (only one optical 
isomer exists naturally) and biochemical 
Teactions occur only with the natural 
isomer. For instance, the natural form 
of glucose is d-glucose and living organ- 
isms cannot metabolize the -form. 

+The terms 'dextrorotatory and 'lae- 
vorotatory" refer to the effect on 
polarized light. A more common method 
of distinguishing two optical isomers is 
by their D-form (dextro-form) or L- 
form (laevo-form). This convention 
refers to the absolute structure of the 
isomer according to specific rules. 
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“Sugars are related to a particular 


configuration of glyceraldehyde 
(2,3-dihydroxypropanal). For alpha 
amino acids the ‘corn rule’ is used: the 
structure of the acid RC(NH2)(COOH) 
H is drawn with the H at the top; 
viewed from the top the groups spell 
CORN in a clockwise direction for all 
D-amino acids (i.e. the clockwise order 
is -COOH,R,NH;). The opposite is true 
for L-amino acids. Note that this 
convention does not refer to optical 
activity: D-alanine is dextrorotatory but 
D-cystine is laevorotatory. 

An alternative is the R/S system for 
showing configuration. There is an order 
of priority of attached groups based on 
the proton number of the attached atom: 


optical isomerism 


C) I 


As 


HN 


N 


COOH 
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The corn rule for absolute configuration of alpha amino acids 


— configuration 


"S" — configuration 


The R/S system 


Absolute configuration 


1, Br, Cl, SO;H, OCOCH,, OCH,, OH, 
NO» NH}, COOCH;, CONH;, COCH,, 
CHO, CH;OH, C,Hs, CiHs CH, H 
Hydrogen has the lowest priority. The 
Chiral carbon is viewed such that the 
group of lowest priority is hidden behind 
it. If the other three groups are in 
descending priority in a clockwise path, 
the compound is R-. If descending 
priority is anticlockwise it is S-. 

The existence of a carbon atom bound 
to four different groups is not the strict 
condition for optical activity. The essen- 
tial point is that the molecule should be. 
asymmetric. Inorganic octahedral com- 
plexes, for example, can show optical 
isomerism. It is also possible for a 
molecu'e to contain asymmetric carbon 
atoms and still have a plane of symmetry. 


One structure of tartaric acid has two. 
Parts of the molecule that are mirror 
images, thus having a plane of. symmetry. 
This (called the meso-form) is not opti- 
cally active. See also resolution (of 
racemates). 


Optical isomerism Sec isomerism, opti- 
cal activity. 


optical rotary dispersion (ORD) +The 
Phenomenon in which the amount of 
rotation of plane-polarized light by an 
optically active substance depends on 
the wavelength of the light. Plots of 
rotation against wavelength can be used 
to give information about the molecular 
structure of optically active compounds. 
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optical rotation Rotation of the plane of 
polarization of plane-polarized: light by 
an optically active substance. 


Orbital A region around an atomic 
nucleus in which there is a high 
probability of finding an electron. The 
modern picture of the atom according to 
quantum mechanics does not have 
electrons moving in fixed elliptical 
orbits. Instead, there is a finite 
Probability that the electron will be 
found in any small region at all possible 
distances from the nucleus. In the 
hydrogen atom the probability is low 
near the nucleus, increases to a maxi- 
mum, and falls off to infinity. It is useful 
to think of a region in space around the 
nucleus — in the case of hydrogen the 
Tegion within a sphere — within which 
there is a high chance of finding the 
electron. Each of these, called an atomic 
orbital, corresponds to a sub-shell and 
can ‘contain’ two electrons with opposite 
spins. Another way of visualizing an 
orbital is as a cloud of electron charge 
(the average distribution with time). 
Similarly, in molecules the electrons 
move in the combined field of the nuclei 
and can be assigned to molecular 
orbitals. In considering bonding between 
atoms it is useful to treat molecular 
orbitals as formed by overlap of atomic 
orbitals. 
flt is possible to calculate the shapes 
and energies of atomic and molecular 
Orbitals by quantum theory. The shapes 
of atomic orbitals depend on the orbital 
angular momentum (the sub-shell). For 
each shell there is one s orbital, three p 
orbitals, five d orbitals, etc. The s 
orbitals are spherical, the p orbitals each 
have two lobes; d orbitals have more 
Complex shapes, typically with four 
iy be 
Molecular orbitals are formed by over- 
lap of atomic orbitals, and again there 
are different types. If the orbital is 
completely symmetrical about an axis 
between the nuclei, it is a sigma orbital. 
This can occur, for instance, by overlap 
of two s orbitals, as in the hydrogen 
atom, or two p orbitals with their lobes 
along the axis. However, two p orbitals 
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overlapping at right angles to the axis 
form a different type of molecular orbital 
— a pi orbital — with regions above 
and below the axis. Pi orbitals are also 
formed by overlap of d orbitals. Each 
molecular orbital can contain a pair of 
electrons, forming a sigma bond or pi 
bond. A double bond, for example the 
bond in ethene, is a combination of a 
sigma bond and a pi bond, - 
Hybrid orbitals are atomic orbitals 
formed by combinations of s, p, and d 
atomic orbitals, and are useful in 
describing the bonding in compounds. 
There are various types. In carbon, for 
instance, the electron configuration is 
1s?2s?2p?, Carbon, in its outer (valence) 
shell, has one filled s orbital, two filled p 
orbitals, and one ‘empty’ p orbital, These 
four orbitals may hybridize (sp? 
hybridization) to act as four equal 
orbitals arranged tetrahedrally, each 
with one electron. In methane, each 
hybrid orbital overlaps with a hydrogen 
s orbital to form a sigma bond. Alter- 
natively, the s and two of the p orbitals 
may hybridize (sp? hybridization) and 
act as three orbitals in a plane at 120°. 
The remaining p orbital is at right 
angles to the plane, and can form pi 
bonds. Finally, sp hybridization may 
occur, giving two orbitals in a line. 
More complex types of hybridization, 
involving d orbitals, explain the 
geometries of inorganic complexes. 

The combination of two atomic orbitals 
in fact produces two molecular orbitals. 
One — the bonding orbital — has a 
concentration of electron density bet- 
ween the nuclei, and thus tends to hold 
the atoms together. The other — the 
antibonding orbital — has slightly higher 
energy and tends to repel the atoms. If 
both atomic orbitals are filled, the two 
molecular orbitals are also filled and 
cancel each other out — there is no net 
bonding effect. If each atomic orbital 
has one electron, the pair occupies the 
lower energy bonding orbital, producing 
a net attraction. 


order The sum of the indices of the 
concentration terms in the expression 


order 


sigma orbital Pi orbital 


e double bond thus consists of 
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x y 


Types of atomic orbitals 


ponding in methane: four sp? orbitals of the carbon overlap with the s orbitals of 
drogen atoms, forming four sigma bonds 
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ore 


that determines the rate of a chemical 
reaction. For example, in the expression 
rate = k[A]{B]” 
x is called the order with respect to A, y 
the order with respect to B, and (x + y) 
the order overall. The values of x and y 
are not necessarily equal to the coeffi- 
cients of A and B in the molecular 
equation. TOrder is an experimentally 
determined quantity derived without 
reference to any equation or mechan- 
ism. Fractional orders do occur. For 
example, in the reaction 
CH,CHO 5 CH, * CO 

the rate is proportional to. [CH;CHO]'* 
i.e. it is of order 1.5. 


ore A mineral source of a chemical 
element. 


organic chemistry The chemistry of 
compounds of carbon. Originally the 
term organic chemical referred to chemi- 
cal compounds present in living matter, 
but now it is any carbon compound 
with the exception of certain simple 
ones, such as the carbon oxides, carbon- 
ates, cyanides, and cyanates. These are 
generally studied in inorganic chemistry. 
The vast numbers of synthetic and 
natural organic compounds exist because 
of the ability of carbon to form chains 
of atoms (catenation). Other elements 
are involved in organic compounds; 
principally hydrogen and oxygen but 
also nitrogen, halogens, sulphur, and 
phosphorus. 


organometallic compound An organic 
compound containing a* carbon-metal 
bond. Tetraethyl lead, (C;Hs),Pb, is an 
example of an organometallic com- 
pound, used as an additive in petrol. 


ortho- 1. {Designating the form of a 
diatomic molecule in which both nuclei 
have the same spin direction; e.g. 
orthohydrogen, orthodeuterium. 

2. {Designating a benzene compound 
with substituents in the 1,2 positions. 
The position next to a substituent is the 
ortho position on the benzene ring. This 
was used in the systematic naming of 
benzene derivatives. For example, ortho- 


dinitrobenzene (or o-dinitrobenzene) is 
1,2-dinitrobenzene. 

3. tCertain acids, tegarded as formed 
from an anhydride and water, were 
named ortho acids to distinguish them 
from the less hydrated meta acids. For 
example, H4SiO, (from SiO; + 2H20) 
is orthosilicic acid; H,SIO, (SiO; + 
H,0) is metasilicic acid. 

See also meta-, para-. 


orthohydrogen +See hydrogen. 


orthophosphoric acid +See phos- 
phoric(V) acid. 


orthophosphorous acid +See phos- 
phonic acid. 


orthorhombic crystal 
system. 


See crystal 


osmium A transition metal that is found 
associated with platinum. It oxidizes 
readily and is used in pen nibs, pivots, 
and electrical contacts, 
Symbol: Os; m.p. 2730°C; b.p. 4230°C; 
r.d. 22.6; p.n. 76; r.a.m. 190.2. 


osmosis Systems in which a solvent is 
separated from a solution by a semiper- 
meable membrane approach equilibrium 
by solvent molecules on the solvent side 
of the membrane migrating through it to 
the solution side; this process is called 
osmosis and always leads to dilution of 
the solution. The phenomenon is quan- 
tified by measurement of the osmotic 
pressure. The process of osmosis is of 
fundamental importance in transport 
and control mechanisms in biological 
systems; for example, plant growth and 
general cell function. 
tOsmosis is a colligative property and 
its theoretical treatment is similar to 
that for the lowering of vapour pressure. 
The membrane can be regarded as 
equivalent to the liquid-vapour inter- 
face, i.e. one that permits free movement 
of solvent molecules but restricts the 
movement of solute molecules. The 
solute molecules occupy a certain area 
at the interface and therefore inhibit 
solvent egress from the solution. Just as 
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the development of a vapour pressure in 
a closed system is necessary for liquid- 
vapour equilibrium, the development of 
an osmotic pressure on the solution side 
"s necessary for equilibrium at the 
membrane. 

See osmotic pressure. 


osmotic pressure The pressure that must 
be exerted on a solution to prevent the 
Passage of solvent molecules into it 
when the solvent and solution are 
separated by a semipermeable mem- 
brane. The osmotic pressure is therefore 
the pressure required to maintain 
equilibrium between the passage of 
solvent molecules through the mem- 
brane in either direction and thus 
Prevent, the process of osmosis pro- 
ceeding. The osmotic pressure can be 
Measured by placing the solution, 
contained in a small perforated thimble 
covered by a semipermeable membrane 
and fitted with a length of glass tubing, 
in a beaker of the pure solvent. Solvent 
molecules pass through the membrane, 
diluting the solution and thereby 
increasing the volume on the solution 
side and forcing the solution to rise up 
the glass tubing. The process continues 
until the pressure exerted by the solvent 
molecules on the membrane is balanced 
by the hydrostatic pressure of the 
solution in the tubing. A sample of the 
solution is then removed and its concen- 
tration determined. Osmosis is” a 
colligative property, therefore the 
method can be applied to the deter- 
mination of relative molecular masses, 
particularly for large molecules, such as 
Proteins, but it is restricted by the diffi- 
culty of preparing good semipermeable 
membranes. 
TAs the osmotic pressure is a colligative 
Property it is directly proportional to 
the molar concentration of the solute if 
the temperature remains constant; thus 
7 is proportional to n/V, where v is 
osmotic pressure and n/ V is the concen- 
tration. The osmotic pressure is also 
Proportional to the absolute tempera- 
ture. Combining these two propor- 
tionalities gives rV = nCT, which has 
the same form as the gas equation, PV 


Oxo process 


= nRT, and experimental values of C 
are similar to those for R, the universal 
Bas constant This gives considerable 
weight to the kinetic description of 
colligative properties. 


Ostwald's dilution law See dissociation. 


oxidant An oxidizing agent. In rocket 
fuels, the oxidant is the compound that 
provides the oxygen for combustion 
(e.g. liquid oxygen or hydrogen per- 
oxide). 


oxidation An atom, an ion, or a molecule 
is said to undergo oxidation or to be 
oxidized when it loses electrons. The 
process may be effected chemically, i.e. 
by reaction with an, oxidizing agent, or 
electrically, in which case oxidation 
occurs at the anode. For example, 

2Na + Cl; 2Na* + 2Cl- 
where chlorine is the oxidizing agent 
and sodium is oxidized, and 
4CN- + 2Cu?* — C;N; + 2CuCN 

where Cu?* is the oxidizing agent and 
(N° is oxidized. 
The oxidation state of an atom is indi- 
cated by the number of electrons lost or 
effectively lost by the neutral atom, i.e. 
the oxidation number. The oxidation 
number of a negative ion is negative. 
The process of oxidation is the.converse 
of reduction. See also redox. 


oxidation-reduction See redox. 


oxidizing acid An acid that acts as an 
~ oxidizing agent, e.g. sulphuric(VI) acid 
or nitric( V) acid. Because it is oxidizing, 
nitric( V) acid can dissolve metals below 
hydrogen in the electrochemical series: 
2HNO; + M— MO + 2NO; + H;O 
MO + 2HNO; > H;O + M(NO;); 


oxidizing agent See oxidation. 


oxime +A type of organic compound 
containing the C:NOH group, formed 
by reaction of an aldehyde or ketone 
with hydroxylamine (NH;OH). 


oxo process tA method of manufac- 
turing aldehydes by passing a mixture of 


155 


oxygen 


carbon monoxide, hydrogen, and alkanes 
*over a cobalt catalyst at high pressure 
(100 atmospheres and 150°C). The 
aldehydes can subsequently be reduced 
to alcohols, making the process a useful 
source of alcohols of high molecular 


weight. 


oxygen A colourless odourless diatomic 
gas; the first member of group VI of the 
periodic table. It has the electronic 
configuration [ He]2s*2p‘ and its chemis- 
try involves the acquisition of electrons 
to form either the di-negative ion, O?- 
or two covalent bonds. In each case the 
oxygen atom attains the configuration of 
the noble gas neon. 
Oxygen is the most plentiful element in 
the Earth's crust accounting for over 
4095 by weight. It is present in the 
atmosphere (2075) and is a constituent 
of the majority of minerals and rocks 
(e.g. sandstones, SiO; carbonates, 
CaCO;, clays-aluminosilicates) as well 
as the major constituent of the sea. 
Oxygen is an essential element for 
almost all living things. Elemental 
oxygen has two forms: the diatomic 
molecule O; and the less stable molecule 
trioxygen (ozone), O;, which is formed 
by passing an electric discharge through 
oxygen gas. There are several convenient 
laboratory routes to oxygen: 
(1) Heat on unstable oxides, 
2HgO — 2Hg + O: 
(2) Decomposition of peroxides, 
2H,02 > 2H,0 + O: 
(3) Heat on '-ate' compounds such as 
chlorates or permanganates 
2KCIO; > KCI + 30; 
2KMnO, — K;MnO,; + MnO; + O: 
Industrially oxygen is obtained by the 
fractionation of liquid air. 
Oxygen reacts with elements from all 
groups of the periodic table except group 
O and even this unreactive group forms 
several compounds containing oxygen 
(XeO;, XeO,, XeOF;, XeO,?>). 
The nature of the oxides has long been a 
convenient guide to metallic and non- 
metallic character. Thus, metals typi- 
cally combined with oxygen to form 
oxides, which if soluble react with water 
to form bases (via OH“ ion); the more 
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electropositive the metal the more 
vigorous the reaction. Most of the group 
I and group lI (main-group) metals 
behave like this forming oxides, 0%, 
(e.g., NaO, CaO) peroxides, O^, (e.g. 
Na;O; BaO;) and superoxides, Or. 
(e.g, RbO;, CsO;). Oxides of metallic 
elements are solids and X-ray studies 
show that discrete O?- ions do exist in 
the solid state even though they do not 
exist in solution: 
O% + H;0 > 20H* 
The non-metals typically form molecular 
oxides such as SO, ClO, and NO; 
When soluble in water they generally 
dissolve to form acids. The less elec- 
tronegative elements among the non- 
metals generally forming weaker acids, 
eg. B(OH); and H;CO, The more 
electronegative elements form stronger 
acids. The higher the oxidation state of 
the central atom the stronger the acid 
(HOCI < HCIO, < HCIO,). Non- 
metal oxides may be gaseous (SO;, CO2), 
liquid (N204), or solid (P;O;). The 
weakly non-metallic element such as 
silicon may require bases for dissolution 
and in some cases the oxides have 
extended polymeric structures, e.g., SiO: 
In between the acidic and basic oxides 
are the amphoteric oxides, which behave 
acidically to strong bases and basjcally 
towards strong acids, This is c 
with elements which are physically 
metallic but which are chemically only 
weakly cationic, e.g, ZnO gives Zn% 
with acids and the zincates, Zn(OH)4™, 
with bases. There is also a small class of 
mixed oxides that can be regarded as 
salts between a ‘basic’ and an ‘acidic’ 
form of the same metal: for example, 
FeO + Fe,0, 5 Fe(FeO;); = Fe;O: 
2PbO + PbO: — Pb;O; 
The neutral oxides are essentially 
insoluble non-metal oxides such as N;O. 
NO, CO, F:O, although extreme con: 
tions can lead to some degree of acidic 
behaviour in the case of CO, for exam- 
ple, 


CO + OH- — HCOO- Y 

YOxygen occurs in three natural isotopic 
forms,  '*O(99,76%), Q(0.0374% » 
!*0(0.20395:); the rarer isotopes being 
used in detailed studied of the behaviour 


of oxygen containing groups during 
reactions (tracer studies). 

Oxygen is very limited in its caténation 
but an interesting range of O-O species 
if formed by the following: 0- 
Peroxide, O,” superoxide, O oxygen 
gas, O2* oxygenyl cation. The O-O 
bond gets both progressively shorter and 
Stronger in the series. The peroxides are 
formed with Na, Ca, Sr, and Ba and are 
formally related to hydrogen peroxide 
(prepared by the action of acids on ionic 
Peroxides), The superoxides of K, Rb, 
and Cs are prepared by burning the 
metal in air (the less electropositive 
metals, Na, Mg, and Zn form less stable 
Superoxides). Oxygenyl cation, O:*, is 
formed by reaction of PtF; (high elec- 
iron affinity) with oxygen at room 
temperature, Other oxygenyl cation 
Species can be made with group V 
fluorides, €g. Or AsFe-. 

Symbol: O; m -218.4*C; b.p. -183*C; 
d. 1.429 kg m^; p.n. 8; r.a.m. 15.99. 


Ozone (trioxygen, O;) An allotrope of 

Oxygen made by passing oxygen through 
a silent electric discharge. Ozone is 
unstable and decomposes to oxygen on 
Warming. It is present in the upper 
layers of the atmosphere, where it 
Screens the Earth from harmful short- 
Wave ultraviolet radiation. 
TOzone is a strong oxidizing agent. Its 
Concentration can be determined by 
reacting it with iodide ions and titrating 
the iodine formed with standard sodium 
thiosulphate( VI). It forms ozonides with 
alkenes, See ozonolysis. 


Ozonide +See ozonolysis. 


ozonolysis +The addition of ozone (Os) 
to alkenes and the subsequent hydroly- 


Sis of the ozonide into hydrogen peroxide ' 


and a mixture of carbonyl compounds. 
The carbonyl compounds can. be 
Separated and identified, which in turn, 
identifies the groups and locates the 
Position of the double bond in the 
Original alkene. Ozonolysis was formerly 
an important analytical technique. 
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paper chromatography 


P 


palladium A transition metal occurring 
in platinum ores in Canada. It is used in 


electrical relays and as a catalyst in i 


hydrogenation processes. 
Symbol; Pd; m.p. 1552°C; b.p. 3140°C; 
r.d. 12.0; p.n. 46; r.a.m. 106.4. 


palmitic acid +See hexadecanoic acid. 


paper chromatography A technique 
widely used for the analysis of mixtures. 
Paper chromatography usually employs 
a specially produced paper as the 
stationary phase. A base line is marked 
in pencil near the bottom of the paper 
and a small sample of the mixture is 
spotted onto it using a capillary tube. 
The paper is then placed vertically in a 
suitable solvent, which rises up to the 
base line and beyond by capillary action. 
The components within the sample 
mixture dissolve in this mobile phase 
and are carried up the paper. However, 
the paper holds a quantity of moisture 
and some components will have a greater 
tendency to dissolve in this moisture 
than in the mobile phase. In addition, 
some components will cling to the 
surface of the paper. Therefore, as the 
solvent moves through the paper, certain 
components will be left behind and 
separated from each other. When the 
solvent has almost reached the top of 
the paper, the paper is removed and 
quickly dried. The paper is developed to 
locate the positions of colourless frac- 
tions by spraying with a suitable chemi- 
cal, eg. ninhydrin, or by exposure to 
ultraviolet radiation. The components 
are identified by comparing the distance 
they have travelled up the paper with 
standard solutions that have been run 
simultaneously, or by computing an Rp 
value. A simplified version of paper 
chromatography uses a piece of filter 
paper. The sample is spotted at the 
centre of the paper and solvent passed 
through it. Separation of the components 
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Ozonolysis of an alkene to form 


of the mixture again takes place as the 
mobile phase spreads out on the paper. 
{Paper chromatography is an appli- 
cation of the partition law. 


para- 1. {Designating the form of 
diatomic molecule in which both nuclei 
have opposite spin directions; e.g. 
parahydrogen, paradauterium. 
2. {Designating a benzene compound 
with substituents in the 1,4 positions. 
The position on a benzene ring directly 
opposite a substituent is the para posi- 
tion. This was used in the systematic 
naming of benzene compounds. For 
example, para-dinitrobenzene (or p- 
dinitrobenzene) is 1,4-dinitrobenzene. 
See also meta-, ortho-. 


paraffin 1. Sec petroleum. 
2. See alkane. 


paraffin wax A solid mixture of hydro- 
carbons, obtained from petroleum. 


paraformaldehyde See methanal. 


secondary ozonide 


a mixture of carbonyl compounds 


parahydrogen +See hydrogen. 
paraldehyde +See ethanal. 
paramagnetism +See magnetism. 


partial ionic character The electrons of 
a covalent bond between atoms oF 
groups with different electronegativities 
will be polarized towards the more 
electronegative constituent; the magni- 
tude of this effect can be measured by 
the ionic character of the bond. When 
the effect is small the bond is referred to 
simply as a polar bond and is adequately 
treated using dipole moments; as the 
effect grows the theoretical treatment 
Tequires other contributions to ionic 
character. Examples of partial ionic 
character (from nuclear quadrupole 
resonance) are H-I, 21%; H-Cl, 40%: 
Li-Br, 90%; compare NaCl, 100%. 


partial pressure In a mixture of gases: 
the contribution that one component 
makes to the total pressure. It is the 
pressure that the gas would have if it 
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alone were present in the same volume. 
See Dalton's law of partial pressures. 


Partition coefficient If a solute dissolves 
in two non-miscible liquids, the partition 
coefficient is the ratio of the concen- 
tration in one liquid to the concen- 
tration in the other liquid. 


pascal Symbol: Pa The SI unit of 
Pressure, equal to a pressure of one 
newton per square metre (1 Pa = 1 
Nm). 


Paschen series +A series of lines in the 
infrared spectrum emitted by excited 
hydrogen atoms. The lines correspond 
to the atomic electrons falling into the 
third lowest energy level and emitting 
energy as radiation. The wavelength (A) 
of the radiation in the Paschen series is 
given by 1/A = R(1/3? - 1/m) where n 
is an integer and R is the Rydberg 
constant. See also spectral series. 


Passive Describing a metal that is 
unreactive because of the formation of a 
‘thin protective layer. Iron, for example, 
does not dissolve in concentrated 
Nitric(V) acid because of the formation 
of a thin oxide layer. 


Pauli exclusion principle +See exclu- 
sion principle. 


P-block elements The elements of the 
main groups IIIA (B to TI), IVA (C to 
Pb), VA (N to Bi), VIA (O to Po), 
VIIA (F to At), and O (He to Rn). 
They are so called because they have 
Outer electronic configurations that have 
Occupied p levels. 


pentahydrate A crystalline compound 
tha has five molecules of water of 
Crystallization per molecule of com- 
Pound, 


pentane (CH;;) A straight-chain alkane 
obtained by distillation of crude oil. 


Pentanoic acid’ (valeric acid, 
CH(CH;),COOH) A colourless liquid 


periodic law 


carboxylic acid, used in making per- 
fumes. 


pentavalent (quinquevalent) Having a 
valence of five. 


pentose +A sugar that has five carbon 
atoms in its molecules. See sugar, 


pentyl group The group 
CH;CH;CH;CH;CH;-. 


peptide tA compound formed by linkage 
of two or more amino-acid groups 
together. 


perchloric acid See chloric(VII) acid. 
perfect gas See gas laws, kinetic theory. 


period One of the horizontal rows in the 
conventional periodic table. Each period 
represents the elements arising from 
progressive filling of the outer shell (i.e. 
the addition of one extra electron for 
each new element), the elements being 
arranged in order of ascending proton 
number. In a strict sense hydrogen and 
helium represent one period but conven- 
tion refers to the elements lithium to 
neon (8 elements) as the first short 
period (n = 2), and the elements sodium 
to argon (8 elements) as the second 
short period (n = 3). With entry to the 
n = 4 level there is filling of the 4s, then 
back filling of the 3d, before the 4p are 
filled. Thus this set contains a total of 18 
electrons (potassium to krypton) and is 
called a long period. The next set, 
rubidium to xenon, is similarly a long 
period. See also Aufbau principle. 


periodic acid See iodic( VII) acid. 


periodic law The law upon which the 
modern periodic table is based. Enun- 
ciated in 1869 by Mendeléev, this law 
stated that the properties of the elements 
are a periodic function of their atomic 
weights, ie. if arranged in order of 
increasing atomic weight then elements 
having similar properties occur at fixed 
intervals. Certain exceptions or gaps in 
the table lead to the view that the 
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periodic table 


nuclear charge is a more characteristic 
function, thus the modem statement of 
the periodic law is that the physical and 
chemical properties of elements are a 
periodic function of their proton 
number. 


periodic table A table of the elements 
arranged in order of increasing proton 
number to show similarities in chemical 
behaviour between elements. Horizontal 
rows of elements are called periods. 
Across a period there is a general trend 
from metallic to non-metallic behaviour. 
Vertical columns of related elements are 
called groups. Down a group there is an 

«increase in atomic size and in electro- 
Positive behaviour. See also group, 
period. 


permanent hardness A type of water 
hardness caused by the presence of 
dissolved calcium, iron, and magnesium 
sulphates or chlorides. This form of 
hardness cannot be removed by boiling. 
Compare temporary hardness. See also 
water softening. 


permanganate {See manganate( VII). 


Permutit ( Tradename) A substance used 
to remove unwanted chemicals that have 
dissolved in water. 
fit is.a zeolite consisting of a complex 
chemical compound, sodium aluminium 
silicate (Na*Alsilicate-). When hard 
water is passed over this material, 
calcium and magnesium ions exchange 
with sodium ions in the Permutit. This 
is a good example of ion exchange. 
Once all the available sodium ions have 
been used up, the Permutit can be 
regenerated by washing it with a 
saturated solution of sodium chloride. 
The excess of sodium ions now exchange 
with the calcium and magnesium ions in 
the Permutit. 


peroxide 1. An oxide containing the 
7"O-O* ion. 
2. A compound containing the -O-O- 
group. 


peroxosulphuric( VI) acid (Caro's acid, 


H,SO;) +A white crystalline solid 
formed by reacting hydrogen peroxide 
with sulphuric acid. It is a powerful 
oxidizing agent. 


peta- Symbol: P A prefix denoting 10". 


petrochemicals Chemical obtained from 
crude oil or from natural gas. 


petroleum A mixture of hydrocarbons 
formed originally from marine animals 
and plants, found beneath the ground 
trapped between layers of rock. It is 
obtained by drilling (also called crude 
oil). Different oilfields produce petro- 
leum with differing compositions. The 
mixture is separated into fractions by 
fractional distillation in a vertical 
column. The main fractions are: E 
Diesel oil (gas oil) in the range 
220-350°C, consisting mainly of Cij-C;s 
hydrocarbons. It is .used in diesel 
engines. 
Kerosine (paraffin) in the range. 
160-250°C, consisting mainly of C,, and 
Ci hydrocarbons. It is a fuel both for 
domestic heating and jet engines. 
Gasoline in the range 40-180°C, consis- 
ting mainly of C;-Cjo hydrocarbons. It 
is used as motor fuel (petrol) and as a 
Taw material for making other chemicals. 
Refinery gas, consisting of Ci-C4 
gaseous hydrocarbons, 
In addition lubricating oils and paraffin 
wax are obtained from the residue. The 
black material left is bitumen tar. 


pewter A tamish-resistant alloy of tin 
and lead, usually containing 80-90% tin. 
Modern pewter is hardened by antimony 
and copper, which in the best grades 
replace the lead content. It is lighter 
than old pewier and having a bright or à 
soft satiny finish is often used for 
decorative and ceremonia! purposes. 


PH The logarithm to base 10 of the 
reciprocal of the hydrogen-ion concen- 
tration of a solution. In pure water at 
25°C the concentration of hydrogen ions 
is 1.00 x 107 moles 1-', thus.the pH 
equals 7 at neutrality. An increase in 
acidity increases the value of [H* 


decreasing the value of the pH below 7. 
An increase in the concentration of 
hydroxide ion [OH-] proportionately 
decreases [H * |, therefore increasing the 
value of the pH above 7 in basic 
solutions. pH values can be obtained 
approximately by using indicators. More 
precise measurements use elecjrode 
Systems. 


phase One of the physically separable 
parts of a chemical system. For exam- 
ple, a mixture of ice (solid phase) and 
water (liquid phase) consists of two 
phases. fA system consisting of only 
one phase is said to be homogeneous. A 
System consisting of more than one 
phase is said to be heterogeneous. 


phase diagram A graphical represen- 
tation of the state in which a substance 
will occur at a given pressure and 
temperature. 
TThe lines show the conditions under 
which more than one phase can coexist 
at equilibrium. For one-component 
Systems (e.g. water) the point at which 
all three phases can coexist at equili- 
brium is called the triple point and is 
the point on the graph at which the 
pressure-temperature curves intersect. 


phase equilibrium A state in which the 
Proportions of the various phases in a 
chemical system are fixed. {When two 
Or more phases are present at fixed 
temperature and pressure a dynamic 
condition will be established in which 
individual particles will leave one phase 
and enter another; at equilibrium this 
will be balanced by an equal number of 
Particles making the reverse change, 
ene the total composition unchan- 
ged. 


Phase rule In a system at equilibrium 
the number of phases (P), number of 
components (C), and number of degrees 
of freedom (F) are related by the 
formula: 

P+F=C+2 


phenol i. (carbolic acid, CsHsOH) A 


phenyl group 


white crystalline solid used to made a 
variety of other organic compounds. 

2. A type of organic compound in which 
a hydroxyl group is bound directly to 
one of the carbon atoms of an aromatic 
ting. Phenols do not show the behaviour 
typical of alcohols. In particular they 
are more acidic because of the electron- 
withdrawing effect of the aromatic ring. 
The preparation of phenol itself is by 
fusing the sodium salt of the sulphonic 
acid with sodium hydroxide: 
CcH;SO:.0Na + 2NaOH — C;H;ONa 
+ Na;SO; + H:O 

The phenol is then liberated by sulphuric 
acid: 

2C;H;ONa + H;S0; — 2C;H;OH + 
Na,SO; 

Reactions of phenol include: 

(1) Replacement of the hydroxyl group 
with a chlorine atom. using phos- 
phorus(V) chloride. 

(2) Reaction with acyl halides to form 
esters of carboxylic acids. 

(3) Reaction with haloalkanes under 
alkaline conditions to give mixed alkyl- 
aryl ethers. 

In addition phenol can undergo further 
substitution on the benzene ring. The 
hydroxyl group directs other substituents 
into the 2- and 4-positions. 


phenolphthalein An acid-base indicator 
that is colourless in acid solutions and 
becomes red if the pH rises above the 
transition range of 8-9.6. It is üsed as 
the indicator in titrations for which the 
end point lies clearly on the basic side 
(pH>7), eg oxalic acid or potassium 
hydrogen tartrate against caustic soda. 


phenylalanine {See amino acids. 


phenylethene (styrene, CoHsCHCH2) A 
liquid hydrocarbon used as the starting 
material for the production of polys- 
tyrene. #The manufacture of pheny- 
lethene is by dehydrogenation of ethyl 
benzene: 

C,H;C;Hs — CsHsCH:CH: + Hz 


phenyl group The group CcH;-, derived 
from benzene. 
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phenylhydrazone 
phenylhydrazone +Sce hydrazone. 


phenylmethanol (benzyl ^ alcohol, 
C.H;CH;OH) tAn aromatic primary 
alcohol. Phenylmethanol is synthesized 
by Cannizzaro's reaction, which involves 
the simultaneous oxidation and reduc- 
tion of benzene-carbaldehyde (benzal- 
dehyde) by refluxing in an aqueous 
solution of sodium hydroxide: 

2CsH;CHO — C,H;CH;OH + 
CHCOOH 

Phenylmethanol undergoes the reactions 
characteristic of alcohols, especially 
those in which the formation of a stable 
carbonium ion as an intermediate 
(CoHsCH2*) enhances the reaction. 
Substitution ‘onto the benzene ring is 
also possible; the -CH;OH group directs 
into the 2- or 4-position by the donation 
of electrons to the ring. 


Phillips process +A method for the 
manufacture of. high-density polyethene 
using a catalyst of chromium(III) oxide 
On a promoter of silica and alumina. 
The reaction conditions are 150°C and 
30 atm pressure. See also Ziegler process. 


phlogiston theory A former theory of 
combustion (disproved in the eighteenth 
century by Lavoisier). Flammable 
compounds were supposed to contain a 
substance (phlogiston), which was 
released when they burned, 


phosphates See Phosphoric( V) acid. 


Phosphide A compound of Phosphorus 
with a more electropositive element. 


phosphine (PH;) tA colourless gas that 
is slightly soluble in water. It has a 
characteristic fishy smeli. It can be made 
by reacting water and calcium phosphide 
or by the action of yellow phosphorus 
on a concentrated alkali. Phosphine 
usually ignites spontaneously in air 
because of contamination with diphos- 
phine. It decomposes into its elements if 
heated to 450°C in the absence of oxygen 
and it burns in oxygen or air to yield 
phosphorus oxides. It reacts with 
solutions of metal salts to precipitate 


leaving ash. + 
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phosphides. Like its analogue ammonia 
it forms salts, called phosphonium salts. 
It also forms complex addition com- 
pounds with metal ions. As in ammonia, 
one or more of the hydrogen atoms can 
be replaced by alkyl groups. 


phosphinic acid (hypophosphorous acid, 
H;PO:) A white crystalline solid, It is a 
monobasic acid forming the anion 
HPO, in water. The sodium salt, and 
hence the acid, can be prepared by 
heating yellow phosphorus with sodium 
hydroxide solution. The free acid and its 
salts are powerful reducing agents. 


phosphonic acid (phosphorous acid, 
orthophosphorous acid, H;PO; A 
colourless deliquescent solid that can be 
Prepared by the action of water on 
Phosphorus(III) oxide or phospho- 
Tus(III) chloride. It is a dibasic acid 
Producing the anions H;PO,; and 
HPO; in water. The acid and its salts 
are slow reducing agents. On warming, 
Phosphonic acid decomposes to phos- 
phine and phosphoric( V) acid, 


phosphonium ion +The ion PH,*. 


Phosphor A substance that shows 
luminescence or phosphorescence. 

phosphorescence 1. The absorption of 
energy by atoms followed by emission 
of electromagnetic radiation. Phos- 
Phorescence is a type of luminescence, 
and is distinguished from fluorescence 
by the fact that the emitted radiation 
continues for some time after the source 
of excitation has been removed. In 
Phosphorescence the excited atoms have 
relatively long lifetimes before they 
make transitions to lower energy states. 
However, there is no defined time 
distinguishing Phosphorescence from 
fluorescence. 
2. In general usage the term is applied 
to the emission of ‘cold light’ — light 
Produced with a high temperature. The 
name comes from the fact that white 
Phosphorus glows slightly in the dark as 
a result of a chemical reaction with 
oxygen. The light comes from excited 


atoms produced directly in the reaction 
— not from the heat produced. It is thus 
an example of chemiluminescence. 
There are also a number of biochemical 
examples termed bioluminescence; for 
example, phosphorescence is sometimes 
seen in the sea from marine organisms, 
Or on rotting wood from certain fungi 
(known as “fox fire"). 


phosphoric(V) acid (orthophosphoric 
acid, H;PO,) A white solid that can be 
made by reacting phosphorus( V) oxide 
with water or by heating yellow phos- 
phorus with nitric acid. The naturally 
Occurring phosphates (orthophosphates, 
MPO) are salts of phosphoric(V) acid. 
An aqueous solution of phosphoric(V) 
acid has a sharp taste and has been used 
in the manufacture of soft drinks. At 
about 220°C phosphoric(V) acid is 
converted to  pyrophosphoric acid 
(H;P;O:). Pure pyrophosphoric acid in 
the form of colourless crystals is made 
by warming solid phosphoric(V) acid 
with phosphorus(III) chloride oxide. 
Metaphosphoric acid is obtained as a 
Polymer, (HPO;), by heating phos- 
Phoric(V) acid to 320°C. Both meta- 
and pyrophosphoric acids change to 
phosphoric(V ) acid in aqueous solution; 
the change will take place faster at 
higher temperatures. Phosphoric( V) acid 
is tribasic, forming three series of salts 
With the anions H;PO,', HPO.?, and 
PO,*-. These series of salts are acidic, 
neutral, and alkaline respectively. The 
alkali metal phosphates (except lithium 
Phosphate) are soluble in water but 
Other metal phosphates are insoluble. 
Phosphates are useful in water softening 
and as fertilizers. 


Phosphorous acid See phosphonic acid. 


Phosphorus A reactive solid non-metallic 
clement; the second element in group V 
Of the periodic table. It has the electronic 
Configuration [Ne]3s?3p? and is there- 
fore formally similar to nitrogen. It is 
however very much more reactive than 
nitrogen and is never found in nature in 
the uncombined state. Phosphorus is 
widespread throughout the world; 
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phosphorus 


economic sources are phosphate rock 
(Ca:( PO4);) and the apatites, variously 
found as fluoroapatite (3Ca;(PO,)3.- 
CaF) and as chloroapatite, 
(3Ca;(PO,):CaCl:). Guano formed from 
the skeletal phosphate of fish in sea-bird 
droppings is also an important source of 
phosphorus. The largest tonnages of 
phosphorus compounds produced are 
used as fertilizers, with the detergents 
industry producing increasingly large 
tonnages of phosphates. Phosphorus is 
an essential constituent of living tissue 
and bones, and it plays a very important 
part in metabolic processes and muscle 
action. 

The element is obtained industrially by 
the reduction of phosphate rock using 
sand (SiO;) and coke (C) in an electric 
furnace. The phosphorus is distilled off 
as P, molecules and collected under 
water as white phosphorus. 

2Ca;(PO,): + 6SiO; + 10C — P, + 
6CaSiO; + 10CO 

There are three common allotropes of 
phosphorus and several other modi- 
fications of these, some of which have 
indefinite structures. The common forms 
are: 

(1) white (or yellow) phosphorus (distil- 
lation of phosphorus; soluble in some 
organic solvents) 

(2) red phosphorus (heat on white P, 
insoluble in organic solvents) 

(3) black phosphorus (heat on white 
phosphorus under high pressures). 
Phosphorus, being in group V is non- 
metallic in character and has a suffi- 
ciently high ionization potential for the 
chemistry of bonds to phosphorus to be 
almost entirely covalent. Phosphorus 
compounds are formally P(III) and P(V) 
compounds. The element forms a 
hydride, PHs, (phosphine), which is 
analogous to ammonia, but it is not 
formed by direct combination, Phos- 
phorus(V) hydrides are not known. 
When phosphorus is burned in air the 
product is the highly hygroscopic white 
solid PsOj (commonly called phos- 
phorus pentoxide, P,O:); this is the 
P(V) oxide. In a limited supply of air 
the P(III) oxide, PyO, (called phos- 


phosphorus 


phorus trioxide) contaminated with 
unreacted phosphorus is obtained. 
The oxides both react with water to 
form acids; 
(III), P40, + 6H;0 > 
4H5PO; phosphorous acid 
P(V), P.Oio + 2H:0 > 
4HPO; metaphosphoric acid 
P.O. + 6H;0 > 
4H;PO, orthophosphoric acid. 
There are also many poly-phosphoric 
acids and salts with different ring sizes 
and different chain lengths. Pyrophos- 
phoric acid is obtained by melting 
phosphoric acid, further dehydration 
above 200°C leads to metaphosphoric 
acids, 
2H;PO, — H;P:0; + H;O 
H4P;0; + 2HPO; + H;O 
Polyphosphates with molecular weights 
from 1000 to 10000 are industrially 
important in detergent formulations and 
the lower members are used to ‘complex’ 
metal ions (sequestration). 
Phosphorus forms the P(III) halides, 
PX, with all the halogens, and P(V) 
halides, PX,, with X =` F, Cl, Br. The 
P(II) halides are formed by direct 
combination but because of hazards in 
the reaction of phosphorus and fluorine, 
PF; is prepared from PCI;. 
The P(III) halides are all pyramidal (as 
is PH;) and are readily hydrolysed. The 
P(V) halides are also readily hydrolysed 
by water in two stages giving first the 
oxyhalide, then phosphoric acid, 
PX; + H20 — POX, + 2HX 
POX; + 3H;0 —> H;PO, + 3HX 
In the gas phase the trihalides are 
pyramidal and the pentahalides are 
trigonal bipyramids. However in carbon 
tetrachloride solution phosphorus pen- 
tachloride is a dimer with two chlorine 
bridges exhibiting the ready expansion 
of the coordination number to six. In 
the solid state, (PCI) is [PCL] * EPCL,]- 
(the first tetrahedral, the second 
octahedral) obtained by transfer of a 
chloride ion. 
Phosphorus interacts directly with 
several metals and metalloids to give: 
(1) Ionic phosphides such as Na;P, 
CasP2, St;P2. 


(2) Molecular phosphides such as P,S; 
and PS; 

(3) Metallic phosphides such as Fe;P. 
Symbol: P; m.p. 44.1°C (white p); b.p. 
280.5°C; r.d. 2.70; p.n. 15; r.a.m. 30.9. 


phosphorus(II1) bromide (phosphorus 
tribromide, PBr;) A colourless liquid 
made by reacting phosphorus with 
bromine. It is readily hydrolysed by 
water to phosphonic acid and hydrogen 
bromide. Phosphorus(III) bromide is 
important in organic chemistry, being 
used to replace a’ hydroxyl group with a 
bromine atom. 


phosphorus(V) bromide (phosphorus 
pentabromide, PBr;) A yellow crystal- 
line solid that sublimes easily. It can be 
made by the reaction of bromine and 
phosphorus(III) bromide. Phospho- 
rus( V) bromide is readily hydrolysed by 
water to phosphoric(V) acid and hydro- 
gen bromide. Its main use is in organic 
chemistry to replace a hydroxyl group 
with a bromine atom. 


phosphorus(III) chloride (phosphorus 
trichloride, PCl;) A colourless liquid 
formed from the reaction of phosphorus 
with chlorine. It is rapidly hydrolysed 
by water to phosphonic acid and hydro- 
gen chloride. Phosphorus(III) chloride 
is used in organic chemistry to replace a 
hydroxyl group with a chlorine atom. 


phosphorus(V) chloride (phosphorus 
pentachloride, PCl;) A white easily 
sublimed solid formed by the action of 
chlorine on phosphorus(1II) chloride. It 
is hydrolysed by water to phosphoric(V) 
acid and hydrogen chloride. Its main 
use is as a chlorinating agent in organic 
chemistry to replace a hydroxyl group 
with a chlorine atom. 


phosphorus(III) chloride oxide (phos- 
phorus trichloride oxide, phosphorus 
oxychloride, phosphoryl chloride, 
POCh) A colourless liquid that can be 
obtained by reacting phosphorus(III) 
chloride with oxygen or by distilling 
Phosphorus(III) chloride with potas- 
sium chlorate. The reactions of phos- 


phorus(III) chloride oxide are similar to 
those of phosphorus(III) chloride. The 
chlorine atoms can be replaced by alkyl 
groups using Grignard reagents or by 
alkoxo groups using alcohols. Water 
hydrolysis yields phosphoric(V) acid. 
Phosphorus(III) chloride oxide forms 
complexes with many metal ions. 


phosphorus(III) oxide (phosphorus 
trioxide, P;O;) A white waxy solid with 
a characteristic smell of garlic; it usually 
exists as P.O, molecules. It is soluble in 
Organic solvents, such as benzene and 
carbon disulphide, and is made by 
burning Phosphorus in a limited supply 
of air. Phosphorus(III) oxide oxidizes in 
air to phosphorus(V) oxide at room 
temperature and inflames above 70°C. It 
dissolves slowly in cold water or dilute 
alkalis to give phosphonic acid or one of 
its salts. Phosphorus(III) oxide reacts 
Violently with hot water to form phos- 
- Phine and phosphoric(V) acid. 


Phosphorus(V) oxide (phosphorus 
pentoxide, P;O;) A white powder that is 
soluble in organic solvents. It usually 
exists as P,Oj molecules. Phos- 
phorus(V) oxide can be prepared by 
burning phosphorus in a plentiful supply 
Of oxygen. It readily combines with 
water to form phosphoric(V) acid and is 
therefore used as a drying agent for 
gases. It is a useful dehydrating agent 
because it is able to remove the elements 
Of water from certain oxyacids and other 
compounds containing oxygen and 
hydrogen; for example, it reacts with 
nitric acid (HNO;) to give nitrogen 
pentoxide (N2O;) on heating. 


phosphorus oxychloride See phos- 
Phorus(III) chloride oxide. 


Phosphorus pentabromide See phos- 
phorus(V) bromide, 


phosphorus pentachloride See phos- 
phorus(V ) chloride. 


Dhosphorus pentoxide See phospho- 
rus(V) oxide. 
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photoelectric effect 


phosphorus tribromide See phos- 
phorus(III) bromide. 


phosphorus trichloride See phos- 
phorus(III) chloride. 


phosphorus trichloride oxide See phos- 
phorus(III) chloride oxide. 


phosphorus trioxide See phospho- 
rus( II) oxide. 


phosphoryl chloride See phospho- 
rus(III) chloride oxide. 


phot tA unit of illumination in the c.g.s. 
system, equal to an illumination of one 
lumen per square centimetre. It is equal 
to 10* Ix. 


photochemical reaction A reaction 
brought about by light; examples include 
the bleaching of coloured material, the 
reduction of silver halides, and the 
photosynthesis of carbohydrates. Che- 
mical changes only occur when the 
reacting atoms or molecules absorb 
photons of the appropriate energy. 
+The amount of substance that reacts is 
proportional to the quantity of energy 
absorbed. For example, in the reaction 
between hydrogen and chlorine, it is not 
the concentrations of hydrogen or 
chlorine that dictate the rate of reaction 
but the intensity of the radiation. 


photochemistry The branch of chemistry 
dealing with reactions induced by light 
or ultraviolet radiation. 


photoelectric effect The ‘emission of 
electrons from a solid (or liquid) surface 
when it is irradiated with electromag- 
netic radiation. For most materials the 
photoelectric effect occurs with ultravio- 
let radiation or radiation of shorter 
wavelength; some show the effect with 
visible radiation. 
3In the photoelectric effect, the number 
of electrons emitted depends on the 
intensity of the radiation and not on its 
frequency. The kinetic energy of the 
electrons that are ejected depends on the 
frequency of the radiation. This was 


photoelectron 


explained, by Einstein, by the idea that 
electromagnetic radiation consists of 
streams of photons. The photon energy 
is hy, where h is the Planck constant and 
» the frequency of the radiation. To 
remove an electron from the solid a 
certain minimum energy must be 
supplied, known as the work function, 
$. Thus, there is a certain minimum 
threshold frequency yp for radiation to 
eject electrons: hr, = 8. If the frequency 
is higher than this threshold the electrons 
are ejected. The maximum kinetic energy 
(W) of the electrons is given by 
Einstein's equation: 
W-hr-$ 

The photoelectric effect also occurs with 
gases. See photoionization. 


photoelectron An electron ejected from 
a solid, liquid, or gas by the photoelectric 
effect or by photoionization. 


Photoemission The emission of pho- 
toelectrons by the photoelectric effect or 
by photoionization. 


Photoionization +The ionization of 
atoms or molecules by electromagnetic 
radiation. Photons absorbed by an atom 
may have sufficient photon energy to 
free an electron from its attraction by 
the nucleus. The process is 

M+ hy >M* +e 
As in the photoelectric effect, the 
radiation must have a certain minimum 
threshold frequency. The energy of the 
photoelectrons ejected is given by W = 
hy - I, where I is the ionization poten- 
tial of the atom or molecule. 


photolysis A chemical reaction that is 
produced by electromagnetic radiation 
(light or ultraviolet radiation). Many 
photolytic reactions involve the for- 
mation of free radicals. 


physical change A change to a substance 
that does not alter its chemical proper- 
ties. Physical changes (e.g. melting, 
boiling, and dissolving) are compara- 
tively easy to reverse. 


physical chemistry The branch of 


chemistry concerned with physical 
properties of compounds and how these 
depend on the chemical bonding. 


physisorption See adsorption. 


pico- Symbol: p A prefix denoting 107'?. 
For example, 1 picofarad (pF) = 10° 
farad (F). 


pig iron The crude iron produced from a 
blast furnace, containing carbon, silicon, 
and other impurities. The molten iron is 
run out of the furnace into channels 
(called *sows'), which branch out into a 
number of offshoots (called ‘pigs’) in 
which the metal is allowed to cool. 


pigment An insoluble colouring material. 
pi bond +See orbital. 
pi orbital +See orbital. 


pipette A device used to transfer a known 
volume of solution from one container 
to another; in general, several samples 
of equal volume are transferred for 
individual analysis from one stock 
solution. Pipettes are of two types, bulb 
pipettes, which transfer a known and 
fixed volume, and graduated pipettes, 
which can transfer variable volumes. 
Pipettes were at one time universally 
mouth-operated but safety pipettes using 
a plunger or rubber bulb are now 
preferred. 


PK +The logarithm to the base 10 of the 
reciprocal of an acid's dissociation 
constant: 


logio( 17 K) 


Planck constant Symbol: h A fun- 
damental constant; the ratio of the 
energy (W) carried by a photon to its 
frequency (v). A basic relationship in 
the quantum theory of radiation is W = 
hy. Y The value of h is 6.626 196 x 107* 
Js. The Planck constant appears in 
many relationships in which some obser- 
vable measurement is quantized (i.e. can 
take only specific separate values rather 
than any of a range of values). 


plane polarization A type of polariza- 
tion of electromagnetic radiation in 
which the vibrations take place entirely 
in one plane. 


plasma A mixture of ions and electrons, 
as in an electrical discharge. Sometimes, 
a plasma is described as a fourth state of 
matter. 

plaster of Paris See calcium sulphate. 


platinic chloride See chloroplatinic acid. 


platinum A transition metal. It occurs 
naturally in Australia and Canada, either 
free or in association with other 
platinum metals. |t is resistant to 


; mp. 1770°C; b.p. 3830°C; 
` T.d. 21.5; p.n. 78; r.a.m. 195.09. 


platinum black A finely divided black 
form of platinum produced, asa coating, 
by evaporating platinum onto a surface 
in an inert atmosphere. Platinum-black 
Coatings are used as pure absorbent 
electrode coatings in experiments on 
electric cells. They are also used, like 
carbon-black coatings, to improve the 
ability of a surface to absorb radiation. 


platinum(II) chloride (PtCl;) A grey- 
brown powder prepared by the partial 
decomposition of platinum(IV ) chloride. 
lt may also be prepared by passing 
chlorine over heated platinum. *Pla- 
tinum(II) chloride is insoluble in water 
but dissolves in concentrated hydro- 
chloric acid to form a complex acid. 


Platinum(IV) chloride (PtCl) A 
reddish hygroscopic solid prepared by 
the action of heat on chloroplatinic 
acid. Crystals of the pentahydrate, 
PtCI.SH;O, are formed: anhydrous 
platinum(IV) chloride is prepared by 
treating the hyUrated crystals with 
concentrated sulphuric acid. The chlor- 
ide dissolves in water to produce a 


polar bond 


strongly acidic solution. +Platinum(IV) 
chloride forms a series of hydrates 
having 1, 2, 4, and 5 molétules of water; 
the tetrahydrate is the most stable. The 
strongly acidic solution produced on 
dissolving in water probably contains 
HA PLCl(OH);]. 


platinum-iridium An alloy of platinum 
containing up to 30% iridium. Hardness 
and resistance to chemical attack 
increase as the iridium content is 
increased. It is used in jewellery, electri- 
cal contacts, and hypodermic needles. 


platinum metals *The group of tran- 
sition metals ruthenium (Ru), osmium 
(Os), rhodium (Rh), um (Ir), 
palladium (Pd), and platinum (Pt). They 
are sometimes classed together as they 
have related properties and compounds. 


plumbane (lead(IV) hydride, PbH4) A 
colourless unstable gas that can be 
obtained by the action of acids on a 
mixture of magnesium and lead pellets. 


plumbic Designating a lead(IV) com- 
pound. 


plumbous Designating a lead(Il) com- 
pound. 


plutonium A highly toxic radioactive 
silvery element of the actinoid series of 
metals. It is a transuranic element found 
on Earth only in minute quantities in 
uranium ores but readily obtained, as 
plutonium-239, by neutron bombard- 
ment of natural uranium. The readily 
fissionable ???Pu is a major nuclear fuel 
and nuclear explosive. 
Symbol: Pu; m.p. 641°C: b.p. 3232°C; 
r.d. 19.84; p.n. 94; stablest isotope ?**Pu. 


poison A substance that destroys catalyst 
activity. 


polar Describing a compound with mole- 
cules that have a permanent dipole 
moment. Hydrogen chloride and water 
are examples of polar compounds. 


polar bond A covalent bond in which 
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the bonding electrons are not shared 
equally between the two atoms. A bond 
between two atoms of different elec- 
tronegativity is said to be polarized in 
the direction of the more electronegative 
atom, ie. the electrons are drawn 
preferentially towards the atom. This 
leads to a small separation of charge 
and the development of a bond dipole 
moment as in, for example, hydrogen 
fluoride, represented as HF or as 
H**-F* (F is more electronegative). 
The charge separation is much smaller 
than in ionic compounds; molecules in 
which bonds are strongly polar are said 
to display partial ionic character. The 
effect of the electronegative element can 
be transmitted beyond adjacent atoms, 
thus the C-C bonds in, for example, 
CCL.CH, and CH;.CHO are slightly 
polar. See also dipole moment, inter- 
molecular forces. 


polarizability The ease with which an 
electron cloud is deformed (polarized). 


In ions, an increase in size or negative * 


charge leads to an increase in polariz- 
ability. The concept is of particular use 
in the treatment of covalent contri- 
butions to predominantly ionic bonds 
embodied in Fajans’ Rules. Thus ions, 
such as L, Se^, Te?-, are especially 
prone to covalent character, Particularly 
in combination with ions of small size 
and high positive charge (i.e. high ionic 
potential). Molecular polarizability is a 
measure of the ease with which electrons 
in the molecule are deformed, parti- 
cularly by electromagnetic radiation. 


polarization 1. The restriction of the 
vibrations in a transverse wave so that 
the vibration occurs in a single plane. 
Electromagnetic radiation, for instance, 
is a transverse wave motion. It can be 
thought of as an oscillating electric field 
and an oscillating magnetic field, both 
at right angles to the direction of 
propagation and at right angles to each 
other. Usually, the electric vector is 
considered since it is the electric field 
that interacts with charged particles of 
matter and causes the effects. In ‘normal’ 
unpolarized radiation, the electric field 


oscillates in all possible directions 
perpendicular to the wave direction. On- 
reflection or on transmission through 
certain substances (e.g. Polaroid) the 
field is confined to a single plane, The 
radiation is then said to be plane- 
polarized. 

2. See polarizability. 

3. f The reduction of current in a voltaic 

cell, caused by the build-up of products 

of the chemical reaction. Commonly, 

the cause is the build-up of a layer of 

bubbles (e.g. of hydrogen). This reduces 

the effective area of the electrode, 

causing an increase in the cell's internal 

resistance. It can also produce a back 

emf. Often a substance such as 

manganese(IV) oxide (a depolarizer) is 

added to prevent hydrogen build-up. 


polar molecule A molecule in which the 
individual polar bonds are not perfectly 
symmetrically arranged and ‘are there- 
fore not ‘in balance’, Thus the charge 
separation in the bonds gives rise to an 
overall charge separation in the molecule 
as for example, in water. Such molecules 
Possess a dipole moment. 


polarography +An analytical method in 
which current is measured as a function 
of potential. A special type of cell is 
used in which there is a small easily 
polarizable cathode (the dropping 
mercury electrode) and a large non- 
polarizable anode (reference cell). The 
analytical reaction takes place at the 
cathode and is essentially a reduction of 
the cations, which are discharged accor- 
ding to the order of their E values. The 
data is expressed in the form of a 
polarogram, which is a plot of current 
against applied voltage. As the applied 
potential is increased a point is reached 
at which the ion is discharged. There is 
a step-wise increase in current, which 
levels off because of polarization effects. 
The potential at half the step height 
(called the half-wave potential) is used 
to identify the ion. Most elements can 
be determined by polarography. The 
optimum concentrations are in the range 
102-10-*M; modified techniques allow 


determinations in the parts per million 
range. 


polar solvent A solvent in which the 
molecules possess a moderate to high 
dipole moment and in which polar and 
ionic compounds are easily soluble. 
Polar solvents are usually poor solvents 
for non-polar compounds. For example, 
water is a good solvent for many ionic 
species, such as NaCl, KNO,, or polar 
molecules, such as the sugars, but does 
not dissolve paraffin wax. 
The dipole moment of the polar solvent 
molecule permits moderately strong 
intermolecular attraction between it and 
the charged regions of the solute mole- 
cules (solvation); if the energy of 
solvation exceeds the lattice energy of 
the solute, dissolution will occur. 
Compare non-polar solvent. 


Polonium A radioactive metallic element 
belonging to group VI of the periodic 
table. It occurs in very minute quantities 
in uranium ores. Over 30 radioisotopes 
are known, nearly all alpha-particle 
emitters. A suggested use for polon- 
ium-210 is as a thermoelectric power 
source in satellites, 

Symbol: Po; m.p. 254°C; b.p. 962°C; 
T.d. 9; p.n. 84; stablest isotope ??*Po. 


Polyamide +A synthetic polymer in 
which the monomers are linked by the 
group -NH-CO-. Nylon is an example 
of a polyamide. 


polyatomic Describing a molecule (or 
ion or radical) that consists of several 
atoms (three or more). Examples are 
benzene (C.H;) and methane (CH4). 


polychloroethene (polyvinyl chloride, 
PVC) A synthetic polymer made from 
chloroethene. It is a strong material 
with a wide variety of uses. 


polycrystalline Describing a substance 
composed of very many minute inter- 
locking crystals that have solidified 
together. 


polymorphism 


polycyclic Describing a compound that 
has two or more rings in its molecules. 


polyene 7An alkene with more than two 
double bonds in its molecules. 


polyester A synthetic polymer made by 
reacting alcohols with acids, so that the 
monomers are linked by the group -O- 
CO- Synthetic fibres such as Terylene 
and Dacron are polyesters. 


polyethene (polyethylene, polythene) A 
synthetic polymer made from ethene. It 
is produced in two forms — a soft 
material of low density and a harder, 
higher density form, which is more rigid. 
3It can be made by the Ziegler process. 


polyethylene See polyethene. 


polyhydric alcohol tAn alcohol that has 
several -OH groups in its molecules. 


polymer A compound in which there are. 
very large molecules made up of 
repeating molecular units (monomers). 
Polymers do not usually have a definite 
relative molecular mass, as there are 
variations in the lengths of different 
chains. They may be natural substances 
(e.g. polysaccharides or proteins) or 
synthetic materials (e.g. nylon or 
polyethene). See also polymerization. 


polymerization The process in which 
one or more compounds react to form a 
polymer. Homopolymerization is poly- 
merization of one monomer (e.g. the 
formation of polyethene). Copolymer- . 
ization involves two or more monomers 
(as for nylon). Addition polymerization 
occurs when the monomers undergo 
addition reactions, with no other 
substance formed. Condensation poly- 
merization involves the elimination of 
small molecules in formation of the 
polymer. See nylon. 


polymorphism The ability of certain 
chemical substances to exist in more 
than one physical form. For elements 
this is called allotropy. The existence of 
two forms is called dimorphism. 
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polypropene 


Addition polymers 


*Crystalline structures of compounds 
can vary with temperature as a result of 
different packing arrangements of the 
particles, There is a transition tempera- 
ture between two forms and usually a 
marked change in density. 


polypropene (polypropylene) A syn- 
thetic polymer made írom propene. It is 
similar in properties to polythene, but 
Stronger and lighter. +The propene is 
polymerized by the Ziegler process. 


polypropylene See polypropene. 


polysaccharide High molecular poly- 
mers of the monosaccharides or sugars. 
They contain many repeated units in 
their molecular structures. They can be 


broken down to smaller polysaccharides, 
disaccharides, and monosaccharides by 
hydrolysis or by the appropriate enzyme. 
Important polysaccharides are inulin, 
starch, glycogen (also known as animal 
starch), and cellulose. See also carbohy- 
drate, sugar. 


polystyrene +A synthetic polymer made 
from styrene (phenylethene). Expanded 
Polystyrene is a rigid foam used in 
packing and insulation. 


polytetrafluoroethene (PTFE) A syn- 
thetic polymer made from tetrafluoroe- 
thene (ie. CF;:CF;) It is able to 
withstand high temperatures without 
decomposing and also has a very low 
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coefficient of friction, hence its use in 
non-stick pans, bearing, etc. 


polyurethane +A synthetic polymer 
containing, the group -NH-CO-O link- 
ing the monomers. Polyurethanes are 
made by condensation of isocyanates 
(-NCO) with alcohols. 


polyvinyl chloride See polychloroe- 
thene. 


potassium A soft reactive metal; the 
third member of the alkali metals (group 
I of the periodic table). The atom has 
the argon electronic configuration plus 
an outer 4s! electron. The element gives 
à distinct lilac colour to flames but, due 
to the intense yellow colouration from 
any trace impurity of sodium, the flame 
must be viewed through a cobalt glass. 
The ionization potential is low and the 
chemistry of potassium is largely the 
chemistry of the unipositive K* ion. 
Potassium accounts for 2.4% of the 
lithosphere and occurs in large salt 
such as camallite (KCI.- 
.6H;O) and arcanite (K:SO.). 
Large amounts also occur in mineral 
forms that are not of much use for 
recovery of potassium, e.g., orthoclase; 
K;ALSULO i. The commercial usage of 
potassium is much smaller than that of 
sodium; industrially the element is 
obtained by electrolysis of the fused 
hydroxide. Potassium hydroxide is 
Obtained by electrolysis of carnallite 
solutions (the magnesium is initially 
precipitated as Mg(OH);), and both 
hydrogen and chlorine are recovered as 
by-products. The chemistry of potas- 
sium and its compounds is very similar 
to that of the other group | elements; 
Particular points of distinction from 
sodium are: 
(1) Burning in air 
superoxide KO;. 
(2) Because of the larger size of the K * 
ion and hence lower lattice energies, 
potassium salts are often more soluble 
than corresponding sodium salts. 
(3) Potassium salts are usually less 
heavily hydrated than corresponding 
sodium salts. 


produces the 
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potassium chlorate 


The most abundant isotope of potas- 
sium is ?*K (93.1%), with “K also a 
stable. isotope (6.8%), but there is a 
naturally occuring radioactive isotope 
K (0.11%). 

Like sodium, potassium forms a number 
of ionic alkyl- and aryl- derivatives of 
the type RK. 

Symbol: K; m.p. 63.7°C; b.p. 756°C; r.d. 
0.86; p.n. 19; r.a.m. 39,09. 


potassium bicarbonate See potassium 
hydrogencarbonate, 


potassium bromide (KBr) A white solid 
that is extremely soluble in water. It is 
formed by the action of bromine on hot 
potassium hydroxide solution or by the 
neutralization of- the carbonate with 
hydrobromic acid. Potassium bromide 
forms colourless cubic crystals. It is 
used extensively in the manufacture of 
photographic plates, films, and papers 
and (formerly) as a sedative in medicine. 


potassium carbonate (pearl ash, 
K;CO;) A white deliquescent solid 
manufactured from potassium chloride 
by the Leblanc process or, more often, 
using the Precht process. It cannot be 
made by the Solvay process. In the 
laboratory, it can be prepared by ther- 
mal decomposition of potassium. hydro- 
gencarbonate. Potassium carbonate is 
very soluble in water, its solutions being 
strongly alkaline due to salt hydrolysis. 
It is used in the laboratory as a drying 
agent and industrially in the manufacture. 
of soft soap, hard glass, and in the 
dyeing industry. +Potassium carbonate 
crystallizes out between 10 and 25°C as 
K;CO;.3H;0; it dehydrates at 100°C to 
K;CO.H;O and at 130°C to K;CO;. 
Potassium carbonate is useful in salting 
out alcohol from aqueous solutions. 


potassium chlorate (KCIO:) A white 
soluble solid prepared by the electroly- 
sis of a concentrated solution of potas- 
sium chloride. Industrially, it is prepared 
by the fractional crystallization of a 
solution containing sodium chlorate and 
potassium chloride. When heated, it 
decomposes to yield oxygen and potas- 


potassium chloride 


sium chloride. Potassium chlorate is a 
powerful oxidizing agent and is used in 
explosives, matches, weedkillers, and 
fireworks, and as a disinfectant. ilt 
oxidizes iodide ions to iodine when in 
an acidic medium. When heated just 
above its melting point, potassium 
perchlorate is formed. 


potassium chloride (KCI) A white ionic 
solid prepared by neutralizing hydro- 
chloric acid with potassium hydroxide 
solution. Potassium chloride occurs 
naturally as the minerals sylvine and 
carnallite. It is more soluble than sodium 
chloride in hot water but less soluble in 
cold water. On evaporation of an 
aqueous solution colourless cubic 
crystals similar to those of sodium 
chloride are produced. Potassium chlor- 
ide is used as a fertilizer and in the 
manufacture of potassium hydroxide. 


potassium chromate (K;CrO,) A bright 
yellow solid prepared by adding potas- 
sium hydroxide solution to a solution of 
potassium dichromate. It is extremely 
soluble in water. Addition of an acid to 
an aqueous solution of potassium chro- 
mate converts the chromate ions into 
dichromate ions. The.salt is used as an 
indicator in silver nitrate titrations, {The 
crystals are isomorphous with potas- 
sium sulphate. 


potassium cyanide (KCN) A white 
ionic solid that is very soluble in water 
and extremely poisonous. It is made 
industrially by the Castner process and 
is used as a source of cyanide and 
hydrocyanic acid. tAqueous solutions 
of potassium cyanide are strongly 
hydrolysed, the solutions being alkaline. 
On standing, these solutions slowly 
evolve hydrocyanic acid. 


potassium dichromate (K;CrjO; An 
orange-red solid prepared by adding 
potassium chloride solution to a concen- 
trated solution of sodium dichromate 
and crystallizing out or by acidifying a 
solution of potassium chromate and 
evaporating. It is less soluble than 
sodium dichromate in cold water but 


more soluble in hot water. Potassium 
dichromate is used as an oxidizing agent 
both in volumetric analysis and in 
organic chemistry. +The crystals are 
triclinic, anhydrous, and  non-deli- 
quescent. Addition of an alkali to a 


solution of the dichromate yields the 
chromate. 


potassium hydride (KH) A white ionic 
Solid prepared by passing hydrogen over 
heated potassium, the metal being 
suspended in an inert medium. It is an 
excellent reducing agent. 


potassium hydrogencarbonate (potas- 
sium bicarbonate, KHCO;) A white 
solid prepared by passing carbon dioxide 
through a saturated solution of potas- 
sium carbonate, It occurs naturally in 
the mineral calcinite. Potassium hydro- 
gencarbonate is more soluble in water 
than sodium hydrogencarbonate. When 
heated, it undergoes thermal decom- 
position to give the carbonate, water, 
and carbon dioxide, {The salt forms 
monoclinic crystals. Its solutions are 
strongly alkaline due to salt hydrolysis. 


potassium hydroxide (caustic potash, 
KOH) A white solid manufactured by 
the electrolysis of potassium chloride 
solution in a mercury-cathode cell. It 
can also be prepared by heating either 
potassium carbonate or potassium 
sulphate with slaked lime. The process 
closely resembles the Gossage process 
for making sodium hydroxide. In the 
laboratory, it can be made by reacting 
potassium, potassium monoxide, or 
potassium superoxide with water. Potas- 
sium hydroxide resembles sodium 
hydroxide but is more soluble in water 
and alcohol. It is preferred to sodium 
hydroxide for the absorption of carbon 
dioxide and sulphur dioxide because of 
its greater solubility. Potassium hydrox- 
ide is used as an electrolyte in the 
Ni-Fe electric storage battery and in the 
production of soft Soaps. 
Tit forms crystalline hydrates with 1, 14, 
and 2 molecules of water. 


potassium iodate (KIO,) A white solid 
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formed either by adding iodine to a hot 
concentrated solution of potassium 
hydroxide or by the electrolysis of 
potassium iodide solution, No hydrates 
are known. It is.a source of iodide and 
iodic acid. {When treated with a dilute 
acid and a reducing agent, the iodate 
ions are reduced to iodine. 


potassium iodide (KI) A white ionic 
solid readily soluble in water. It is 
prepared by dissolving iodine in hot 
concentrated potassium hydroxide solu- 
tion. Both the iodide and iodate are 
formed but the latter is removed by 
fractional crystallization. Potassium 
iodide has ‘a sodium chloride cubic 
lattice. In solution with iodine it forms 
potassium tri-iodide. It is used in medi- 
Cine, particularly in the treatment of 
goitre resulting from iodine deficiency. 
{Dilute acidified solutions of potassium 
iodide can act as reducing agents, 
manganate(VII) ions being reduced to 
manganese(II) ions, copper(II) ions to 
copper(I) ions, and iodate ions to iodine. 


potassium manganate( VII) (potassium 
permanganate, KMnO,) A purple solid 
Soluble in water. It is prepared by 
oxidizing potassium  manganate( VI) 
with chlorine. Potassium permanganate 
is „used in volumetric analysis as an 
oxidizing agent, as a bactericide, and as 
a disinfectant. 1In aqueous solution its 
behaviour as an oxidizing agent depends 
on the pH of the solution. D 


Potassium monoxide (K;O) An ionic 
solid that is white when cold and yellow 
when hot. It is prepared by heating 
potassium with potassium nitrate. Potas- 
sium monoxide dissolves violently in 
water to form potassium hydroxide 
solution. The hydrate K;O.3H;O is 
known. Potassium monoxide dissolves 
in liquid ammonia with the formation of 
potassium hydroxide and potassamide. 


potassium nitrate (saltpetre, nitre, 
KNO;) A white solid, soluble in water, 
formed by fractional crystallization of 
sodium nitrate and potassium chloride 
solutions. It occurs naturally as nitre 


potentiometric titration 


(saltpetre) in rocks in India, South 
Africa, and Brazil When heated it 
decomposes to give the nitrite and 
oxygen. Unlike sodium nitrate it is non- 
deliquescent. Potassium nitrate is used 
in gunpowder, fertilizers, and in the 
laboratory preparation of nitric acid. 


potassium nitrite (KNO;) A creamy 
deliquescent solid that is readily soluble 
in water. It reacts with cold dilute 
mineral acids to produce solutions of 
nitrous acid. 1Potassium nitrite is used 
in organic chemistry in the process of 
diazotization. 


potassium permanganate See potas- 
sium manganate(VII). 


potassium sulphate (K2SO,) A white 
solid prepared by the neutralization of 
either potassium hydroxide or potas- 
sium carbonate with dilute sulphuric 
acid. It occurs naturally in Stassfurt 
deposits as schónite. Potassium sulphate 
is soluble in water, forming a neutral 
solution. It is used as a fertilizer, parti- 
cularly for tobacco plants, and in the 


. chemical industry in the preparation of 


alums, fThe anhydrous form crystallizes 
in the rhombic form. 


potassium sulphide (KS) A yellowish- 
brown solid prepared by saturating an 
aqueous solution of potassium hydroxide 
with hydrogen sulphide and then adding 
an equal volume of potassium hydroxide. 
Industrially it is produced by heating 
potassium sulphate and carbon at high 
temperature. The sulphide crystallizes 
out from aqueous solution as K;S.5H;0. 
Its aqueous solutions undergo hydroly- 
sis, the solution being strongly alkaline. 


potassium superoxide (K;O) A yellow 
paramagnetic solid prepared by burning 
potassium in excess Oxygen. When 
treated with cold water or dilute mineral 
acids, hydrogen peroxide is produced. If 
heated strongly, it yields oxygen and 
potassium monoxide. Potassium super- 
oxide is a powerful oxidizing agent. 


potentiometric titration TA titration in 
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poundal 


which an electrode is used in the reaction 
mixture. The end point can be found by 
monitoring the potential of this during 
the titration, 


poundal Symbol: pdl +The unit of force 
in the fp.s. system. It is equal to 
0.138 255 N. 


praseodymium A soft ductile malleable 
silvery element of the lanthanoid series 
of metals. It occurs in association with 
other lanthanoids, Praseodymium is used 
in several alloys, as a catalyst, and in 
compound -form in carbon-arc search- 
lights, etc., and in the glass and enamel 
industries. 
Symbol: Pr; m.p. 931°C; b.p. 3212°C; 
r.d. 6.77; p.n. 59; r.a.m. 140.91. 


precipitate A suspension of small parti- 
cles of a solid in a liquid formed by a 
chemical reaction. 


pressure Symbol: p The pressure on a 
Surface due to forces from another 
Surface or from a fluid is the force 
Acting at 90° to unit area of the surface: 

Pressure = force/area 
The unit is the pascal (Pa). 


Primary cell A voltaic cell in which the 
chemical reaction that Produces the 


emf. is not reversible. Compare 
accumulator. 


Primary standard A substance that can 
be used directly for the Preparation of 
standard solutions without reference to 
some other concentration standard. 
Primary standards should be easy to 
purify, dry, capable of preservation in a 
pure state, unaffected by air or CO,, of a 
high molecular weight (to reduce the 
significance of weighing errors), stoi- 
chiometric, and readily soluble. Any 
likely impurities should be easily identi- 
fiable. 


producer gas (air gas) A mixture of 
carbon monoxide (25-30%), nitrogen 
(50-55%), and” hydrogen (10-15%), 
Prepared by passing air with a little 
steam through a thick layer of white-hot 


coke in a furnace or ‘producer’. The air 
gas is used while still hot to prevent 
heat loss and finds uses in industrial 
heating, for example the firing of retorts 
and in glass furnaces. Compare water 
gas. 


proline +See amino acids. 


promethium A radioactive element of 
the lanthanoid series of metals. It is not 
found naturally on Earth but can be 
produced artificially by the fission of 
uranium. Possible uses involve its 
radioactive properties, 
Symbol: Pm; m.p. 1168°C (approx.); 
b.p. 2460°C (approx.); r.d. 7.22; p.n. 61; 
stablest isotope '3Pm (half-life 18 
years). 


Promoter (activator) A substance that 
improves the efficiency of a catalyst. It 
does not itself catalyse the reaction but 
assists the catalytic activity, For exam- 
ple, alumina or molybdenum promotes 
the catalytic activity of finely divided 
iron in the Haber process, 
fThe manner in which a promoter 
functions is not fully understood; no 
one theory covers all the examples. 

See coenzymes. 


proof tA measure of the ethanol content 
of intoxicating drinks. In the UK, proof 
spirit contains 42.28% of ethanol by 
weight (57.1% by volume at 16°C). In 
the US it contains 50% by volume. The 
degree of proof gives the number of 
Parts of proof spirit per 100 parts of the 
total. 100° of proof is 57.1% by volume, 
80° of proof is 0.8 x 57.1%, etc. 


Propanal (propionaldehyde, C;H;CHO) 
TA colourless liquid aldehyde. 


Propane (C;H,) A gaseous alkane 
obtained either from the gaseous fraction 
of crude oil or by the cracking of heavier 

fractions. The Principal use of propane 
is as a fuel for heating and cooking, 
since it can be liquefied under pressure, 
stored in cylinders, and transported 
easily. Propane is the third member of 
the homologous series of alkanes. 
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propane-1,2,3-triol (glycerol, glycerine, 
CHiOH)CH(OH)CH;OH)) A col- 
ourless viscous liquid obtained as a by- 
produci from the manufacture of soap 
by the reaction of animal fats with 


sodium hydroxide. It is used as a solvent- 


and plasticizer. +See also glyceride. 


propanoic acid (propionic acid, C;H;C- 
oon tA colourless liquid carboxylic 
cid. 


propanol Either of two alcohols: 
Propan-l-ol (CH,CH;CH;OH) and 
propan-2-ol (CH)CH;(OH)CH;). Both 
are colourless volatile flammable liquids. 


Propanone (acetone, CH;COCH;) A 
colourless liquid ketone, used as a 
folent and in the manufacture of methyl 
-methyl-propanoate (from which per- 
Spex is produced). fPropanone is 
manufactured from propene, either by 
the air-oxidation of propan-2-ol or, more 
Tecently, as a by-product from the 
cumene process. 


propene (propylene, C;He) A gaseous 
alkene. Propene is not normally present 
in the gaseous crude-oil fraction but can 
be Obtained from heavier fractions by 
catalytic cracking. This is the principal 
industrial source. Propene is the organic 
Starting material for the production of 
Propan-2-ol, required for the manufac- 
ture of propanone (acetone), and the 
Starting material for the production of 
Polypropene (polyprene). 


TE polymers are pro 
Propionaldehyde +See propanal. 
Propionic acid +See propanoic acid. 
Propylene See propene. 
propyl group The group CH;CH2CH:2-. 


protactinium A toxic radioactive element 
of the actinoid series of metals. It occurs 


" pseudo-nrst oraer 
in minute quantities in uranium ores as 
a radioactive decay-product of actinium. 
Symbol: Pa; m.p. below 1600°C; r.d. 
15.4 (calc.); p.n. 91; stablest isotope 
23!Pa (half-life 32 480 years). 
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protein A naturally occurring compound 
found in all living matter, consisting of 
amino acids linked into long chains. 
+The primary structure is the particular 
sequence of amino acids present. The 
protein also has a secondary structure, 
with the chains coiled in a helix or held 
together in pleated sheets. The tertiary 
structure is the way in which the chain 
or sheet is arranged in space. Secondary 
structures are held by hydrogen bonds 
between N-H ard O-C groups. 
Tertiary structures are held by hydrogen 
bonds of cross linkages of the type 
-S-S- (cystine links). 
See also amino acid, peptide. 


proton An elementary particle with a 
positive charge (+ 1.602 192 C) and rest 
mass 1.672614 x 10-7’ kg. Protons are 
nucleons, found in all nuclides. 


proton number (atomic number) Sym- 
bol: Z The number of protons in the 
nucleus of an atom. The proton number 
determines the chemical properties of 
the element because the electron struc- 
ture, which determines cherhical bon- 
ding, depends on the electrostatic attrac- 
tion to the positively charged nucleus. 


pseudoaromatic +See aromatic com- 
pound. 


pseudo-first order Describing a reac- 
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pseudohalogens 


tion that appears to exhibit first-order 
kinetics under special conditions, even 
though the ‘true’ order is greater than 
one. For example, in the hydrolysis of 
an ester in the presence of a large 
volume of water, the concentration of 
water remains approximately constant. 
The rate of reaction is thus found 
experimentally to be proportional to the 
concentration of the ester only (even 
though it also depends on the amount of 
water present). Such a reaction is 
described as ‘bimolecular of the first 
order’. 


pseudohalogens tA small group of 
simple inorganic compounds with 
symmetrical molecules that resemble 
the halogens in some reactions and 
compounds. For example, (CN); (cyan- 
ogen) has compounds analogous to 
halogen compounds (e.g. HCN, KCN, 


CHACN, etc.). Thiocyanogen, (SCN), 
is another example. 


PTFE Sce polytetrafluoroethene. 
PVC See polychloroethene, 


Pyranose fA sugar that has a six- 
membered ring form (five carbon atoms 
and one oxygen atom). See also sugar. 


N 
Pyridine 


pyridine (C;H;N) tAn organic liquid of 
formula C;HsN. The molecules have a 
hexagonal planar ring and are isoelec- 
tronic with benzene. Pyridine is an 
example of an aromatic heterocyclic 
compound, with the electrons in the 
carbon-carbon pi bonds and the lone 
pair of the nitrogen delocalized over the 
ring of atoms. The compound is 
extracted from coal tar and used as a 


solvent and raw material for organic 
synthesis. 


Dyrites A mineral sulphide of a metal; 
e.g. iron pyrites FeS;. 


pyrolysis The decomposition of chemical 
compounds by subjecting them to very 
high temperature. 


Pyrometer An instrument used in the 
chemical industry to measure high 
temperature, e.g. in reactor vessels. 


pyrophoric 1. Describing a compound 
that ignites spontaneously in air. 
2. Describing a metal or alloy that gives 
sparks when struck. (Lighter flints are 
made of pyrophoric alloy). 


pyrosulphuric acid See oleum. 


quadrivalent Having a valence of four. 


qualitative analysis Analysis carried 
out with the purpose of identifying the 
components of a sample. Classical 
methods involved simple preliminary 
tests followed by a carefully devised 
scheme of systematic tests and pro- 
cedures. Modern methods include the 
use of such techniques as infrared 
spectroscopy and emission spectro- 
graphy. Compare quantitative analysis. 


quantitative analysis Analysis carried 
Out with the purpose of determining the 
concentration of one or more com- 
Ponents of a sample. Classical wet 
methods include volumetric and gravi- 
Metric analysis, A wide range of more 
instrumental techniques are also 
used, including polarography and vari- 
ous types of spectroscopy. Compare 
qualitative analysis. 
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quantized +Describing a physical quan- 
tity that can only take certain discreet 
values, and not a continuous range of 
values. Thus, in an atom or molecule 
the electrons around the nucleus can 
have certain energies, Ei, En etc., and 
cannot have intermediate values. Simi- 
larly, in atoms and molecules, the 
electrons have quantized values of spin 
angular momentum and orbital angular 
momentum. 


quantum (plural quanta) A definite 
amount of energy released or absorbed 
in a process. Energy often behaves as if 
it were 'quantized' in this way. The 
quantum of electromagnetic radiation is 
the photon. A 


M 

quantum electrodynamics {The use of 
quantum mechanics to describe how 
Particles and electromagnetic radiation 
interact. 


quantum mechanics +See quantum 
theory. 


quantum number tAn integer or half 
integer that specifies the value of a 
quantized physical quantity (energy, 
angular momentum, etc.). See atom, 
Bohr theory, spin. 


quantum states States of an atom, 
electron, particle, etc, specified by a 
unique set of quantum numbers. For 
example, the hydrogen atom in its 
ground state has an electron in the K 
shell specified by the four quantum 
numbers: n = |, | = 0, m = 0, m = 
1/2. In the helium atom there are two 
electrons: 
n= 1,1=0,m=0,m, = 1/2 
n= 1,1 = 0, m = 0, m, = -1/2 


quantum theory tA mathematical theory 
originally introduced by Max Planck 
(1900) to’ explain the radiation emitted 
from hot bodies. Quantum theory is 
based on the idea that energy (or certain 
other physical quantities) can be chan- 
ged only in certain discrete amounts for 
a given system. Other early applications 
were the explanations of the photoelec- 


quicklime 


tric effect and the Bohr theory of the 
atom. 

Quantum ‘mechanics is a system of 
mechanics that developed from quan- 
tum theory and is used to explain the 
behaviour of atoms, molecules, etc. In 
one form it is based on de Broglie's idea 
that particles can have wavelike proper- 
ties — this branch of quantum 
mechanics is called wave mechanics. 
Wave mechanics is the basis of modern 
theory. See crbital. 


quartz A natural crystalline form of 
silica (SiO). 


quaternary ammonium compound A 
compound formed from an amine by 
addition of a proton to produce a 
positive ion. Quaternary compounds are 
salts, the simplést example being 
ammonium compounds formed. from 
ammonia and an acid, for example: 

NH; + HCI 2 NH,* Cl 
Other amines can also add protons to 
give analogous compounds. For ins- 
tance, methylamine (CH3NH;) forms 
the compound 
[(CH)NHj]* X- 

where X- is an acid radical. 
+The formation of quarternary com- 
pounds occurs because the lone pair on 
the nitrogen atom can form a coordinate 
bond with a proton. This can also occur 
with heterogeneous nitrogen Com- 
pounds, such as adenine, cytosine, 
thymine, and guanine. Such compounds 
are known as nitrogenous bases. 


quenching A method used to alter the 
mechanical properties of metals. Hot 
metal is lowered quickly into a bath of 
oil, water, or brine and the rapid cooling 
results in a fine grain structure. This 
treatment increases the hardness of a 
metal but often makes it brittle. 


quicklime See calcium oxide. 
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racemate 


racemate See optical activity. 
racemic mixture See optical activity. 


racemization {The conversion of an 
optical isomer into an equal mixture of 
isomers, which is not optically active. 


rad tA unit of absorbed dose of ionizing 
radiation, defined as being equivalent to 
an absorption of 10°? joule of energy in 
one kilogram of material. 


radian Symbol: rad The SI unit of plane 
angle; 27 radian is one complete 
revolution (360°). 


radiation In general the emission of 
energy from a source, either as waves 
(light, sound, etc.) or as moving parti- 
cles (beta rays or alpha rays). 


radical A group of atoms in a molecule. 
Sce also free radical. 


radioactive Describing an element or 
nuclide that exhibits natural radioac- 
tivity. 


redioactive dating (radiometric dating) 
Any method of measuring the age of 
materials that depends on radioactivity. 
Sce carbon dating. 


radioactivity The disintegration of 
certain unstable nuclides with emission 
of radiation... 


radiocarbon dating See carbon dating. 


radiochemistry The chemistry of radio- 
active isotopes of elements. Radio- 
chemistry involves such topics as the 
preparation of radioactive compounds, 
the separation of isotopes by chemical 
reactions, the use of radioactive labels in 
studies of mechanisms, and experiments 


on the chemical reactions and com- 
pounds of transuranic elements. 


radioisotope A radioactive isotope of an 
element. Tritium, for instance, is a 
radioisotope of hydrogen. Radioisotopes 
are extensively used in research as sour- 
ces of radiation and as tracers in studies 
of chemical reactions. Thus, if an atom 
in a compound is replaced by a radioac- 
tive nuclide of the element (a label) it is 
Possible to follow the course of the 
chemical reaction. Radioisotopes are 
also used in medicine for diagnosis and 
treatment. 


radiolysis +A chemical reaction pro- 
duced by high-energy radiation (X-rays, 
gamma rays, or particli j 


radiometric dating See radioactive 
dating. 


radio waves A form of electromagnetic 
radiation with wavelengths greater than 


a few millimetres. Sec also electromag- 
netic radiation.» 


radium A white radioactive luminescent 
metallic element of the alkaline-earth 
group. It has several short-lived 
radioisotopes and one long-lived isotope, 
radium-226 (half-life 1602 years). 
Radium is found in uranium ores, such 
as the oxides pitchblende and carnotite. 
Tt is used in luminous paints and neutron 
Sources, and (progressively less) in 
radiotherapy. M K 
Symbol: Ra; m.p. 700°C; b.p. 1140°C; 
r.d. 5 (?); p.n. 88; r.a.m. 226.02. 


radon A colourless monatomic radioac- 
tive element of the rare-gas group, now 
thought to form compounds. It has 19 
short-lived radioisotopes; the most 
stable, radon-222, is a decay product of 
radium-226 and itself disintegrates into 
an isotope of polonium with a half-life 
of 3.82 days. ?"Rm is used in 
radiotherapy. 5 
Symbol: Rn; m.p. -71°C; bp. -61.8C; 
d. 9.73 kg m; p.n. 86, 


Raney nickel A catalytic form of nickel 


178 


produced by treating a nickel-alumin- 
ium alloy with caustic soda. {The 
aluminium dissolves (as aluminate) and 
Raney nickel is left as a spongy mass, 
which is pyrophoric when dry. It is used 
especially for catalysing hydrogenation 
reactions. 


Raoult’s law A relationship between the 
Pressure exerted by the vapour of a 
solution and the presence of a solute. It 
states that the partial vapour pressure of 
a solvent above a solution (p) is propor- 
tional to the mole fraction of the solvent 
in the solution (X) and that the propor- 
tionality constant is the vapour pressure 
of pure solvent, (p), at the given 
temperature: i.e, p = poX. Solutions 
ps obey Raoult’s law are said to be 
Tons Mun are some binary solutions 
da which Raoult's law holds over all 

alues of X for either component. Such 
solutions are said to be perfect and this 
behaviour occurs when the intermole- 
cular attraction between molecules 
within one component is almost identi- 
cal to the attraction of molecules of one 
component for molecules of the other 
(eg. ^ chlorobenzene/bromobenzene). 
Because of solvation forces this behavi- 
Our is rare and in general Raoult's law 
holds only for dilute solutions. 

For solutions that are ideal but not 
perfect the solute behaviour is similar in 
that the partial pressure of the solute, P.. 
is proportional to the mole fraction of 
the solute, X, but in this case thc 
Proportionality constant, P', is not the 
Vapour pressure of the pure solute but 
must be determined experimentally for 
each system. This solute equivalent of 
Raoult’s law has the form P, = PX, 
and is called Henry's law. Because of 
intermolecular attractions P is usually 
less than Po. 


rare earths +See lanthanoids. 

Tare gases See noble gases. 

Rashig process tA method for the 
manufacture of chlorobenzene, and 


thence phenol, from benzene. Benzene 
vapour, hydrogen chloride, and air are 


rate of reaction 


passed over a copper(II) chloride 
catalyst (230°C); 

2CHs + 2HCI + O: — 2C,H;Cl + 
2H,0 

The conversion to phenol is by a silicon 
catalyst (425°C): 

C,H,CI + H;O + HCl + GH,OH 


rate constant (velocity constant, specific 
reaction rate) Symbol: k The constant 
of proportionality in the rate expression 
for a chemical reaction. For example, in 
a reaction A + B — C, the rate may be 
proportional to the concentration of A 
multiplied by that of B; i.e. 
rate = KA}[B] 
where k is the rate constant for this 
particular reaction. +The constant is 
independent of the concentrations of the 
reactants but depends on temperature; 
consequently the temperature at which 
k is recorded must be stated. The units 
of k vary depending on the number of 
terms in the rate expression, but are 
easily determined remembering that rate 
has the units s`'. 


rate determining step (limiting step) 
The slowest step in a multistep reaction, 
Many chemical reactions are made up 
of a number of steps in which the one 
with the lowest velocity is the one that 
determines the rate of the overall 
process. 
+The overall rate of a reaction cannot 
‘exceed the rate of the slowest step. For 
example, the first step in the reaction 
between acidified potassium iodide 
solution and hydrogen peroxide is the 
rate determining step: 

H,0; + I> > H20 + OL (slow) 
H* + Ol + HOI! (fast) 
HOI + H* + I — I + H;O (fast) 


rate of reaction A measure of the 
amount of reactant consumed in a 
chemical reaction in unit time. It is thus 
a measure of the number of effective 
collisions between reactant molecules. 
The rate at which a reaction proceeds 
can be measured by the rate the reactants 
disappear or by the rate at which the 
products are formed. The principal 
factors affecting the rate of reaction are 
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rayon 


temperature, pressure, concentration of 
reactants, light, and the action of a 
catalyst. The units usually used to 
measure the rate of a reaction are 
moldm-s;'. See also law of mass 
action. 


rayon fAn artificial fibre formed from 
wood pulp (cellulose), There are two 
types. Viscose rayon is made by 
dissolving the cellulose in carbon disul- 
phide and sodium hydroxide. The 
solution is forced through a fine nozzle’ 
into an acid bath, which regenerates the 
fibres. Acetate rayon is made by 
dissolving cellulose acetate in an organic 
solyent, and forcing the solution through 
a nozzle. The solvent is evaporated, and 
the cellulose acetate thus obtained as 
fibres, 


rationalized units tA system of units in 
which the equations have a logical form 
related to the shape of the system. SI 
units form a rationalized system of units, 
In it formulae concerned with circular 
Symmetry contain a factor of 27; those 
concerned with radial symmetry contain 
a factor of 4z. 


reactant A compound taking part in a 
chemical reaction. 


reagent A compound that reacts with 
another (the substrate). The term is 
usually used for common laboratory 
chemicals — sodium hydroxide, hydro- 
chloric acid, etc. — used for experiment 
and analysis. 


rearrangement A reaction in which the 
groups of a compound rearrange them- 
selves to form a different compound. 


red lead See dilead(11) lead( IV) oxide. 


redox Relating to the processes of 
oxidation and reduction, which are 
intimately connected in that during 
oxidation by chemical agents the 
oxidizing agent itself becomes reduced, 
and vice versa. Thus an oxidation 
process is always accompanied by a 
reduction process. In electrochemical 


processes this is equally true, oxidation 
taking place at the anode and reduction 
at the cathode. These systems are often 
called redox systems, particularly when 
the interest centres on both compounds. 
fOxidizing and reducing power is indi- 
cated quantitatively by the redox poten- 
tial or standard electrode potential, E*. 
Redox potentials are normally expressed 
as reduction potentials. They are 
obtained by electrochemical measure- 
ments and the values are referred to the 
H */H: couple for which E* is set equal 
to zero. Thus increasingly negative 
potentials indicate increasing ease of 
oxidation or difficulty of reduction. Thus 
in a redox reaction the half reaction 
with the most positive value of E” is the 
reduction half and the half reaction with 
the least value of E* (or most highly 
negative) becomes the oxidation, half. 
See also electrode potential. 


reducing agent Sec reduction. 


reduction Removal of oxygen from à 
compound or addition of hydrogen. 
More generally, an atom, a molecule, or 
an ion is said to be reduced or to 
undergo reduction when it gains elec- 
trons. Reduction can be effected chemi- 
cally, i.e. by the use of reducing agents, 
or electrically, in which case thé reduc- 
lion process occurs at the cathode. For 
example, 

2Fe!* + Cu S 2Fe!* + Cü!* 

where Cu is the reducing agent and 

Fe?* is reduced, and 

2H,0 + SO; + 2Cu?* + 4H* + SO, 
+ 2Cu* 

where SO; is the reducing agent and 

Cu'* is reduced. 

Stannous chloride, sulphur dioxide, the 

bisulphite ion, and hydroxylamine 

hydrochloride are common reducing 

agents. See also redox. 


reduction potential 


+See 
potential. 


electrode 


refining The process of removing impuri- 
ties from a substance or of extracting à 
substance from a mixture. 
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refluxing The process of boiling a liquid 
in a vessel connected to a condenser, so 

, that the condensed liquid runs back into 
the vessel. By using a reflux condenser, 
the liquid can be maintained at its 
boiling point for long periods of time, 
without loss. The technique is a stan- 
dard method of carrying out reactions in 
organic chemistry. 


reforming {The cyclization of straight- 
chain hydrocarbons from crude oil by 
heating under Pressure with a catalyst, 
usually platinum on alumina. For exam- 
ple, the manufacture of methylbenzene 
from heptane: 

2,  CHis > CHiCHy 
This first step is the production of methyl 
cyclohexane, which then loses six hydro- 
Ben atoms to give methylbenzene: 
CHCH, > C HCH, + 3H: 

See also steam reforming. 


refractory Describing a compound (c.g. 
an inorganic oxide) that has a very high 
melting point. 


Regnault's method A method used for 
the determination of the density of gases. 
A bulb of known volume is evacuated 
and weighed then the gas is admitted at 
à known pressure (from a vacuum line) 
and the bulb weighed again. The 
lemperature is also noted and the data 
Corrected to STP. The method is readily 
applicable to the obtaining of approxi- 
mate molecular weights of gaseous 
samples. 


relative atomic mass Symbol: A, The 
ratio of the average mass per atom of 
the naturally occurring element to 1/12 
of the mass of an atom of nuclide "C. It 
was formerly called atomic weight. 


relative density Symbol: d The ratio of 
the density of a given substance to the 
density of some reference substance. 
The relative densities of liquids are 
usually measured with reference (o the 
density of water at 4"C. Relative densi- 
ies are also specified for gases; usually 
with respect to air at STP. The tempera- 
ture of the substance is stated or is 


resonance 


understood to be 20°C. Relative density ' 
was formerly called specific gravity. 


relative molecular mass Symbol: M, 
The ratio of the average mass per 
molecule of the naturally occurring form 
of an element or compound to 1/12 of 
the mass of an atom of nuclide "?C. This 
was formerly called molecular weight. It 
does not have to be used only for 
compounds that have discrete molecules; 
for ionic compounds (e.g. NaCl) and 
giant-molecular structures (e.g. BN) the 
formula unit is used. 


rem (radiation equivalent man) fA unit 
for measuring the effects of radiation 
dose on the human body. One rem is 
equivalent to an average adult male 
absorbing one rad of radiation. The 
biological effects depend on the type of 
radiation as well as the energy deposited 
per kilogram. The statutory limit for 
occupational exposure to radiation is 5 
rem per year. 


resolution (of racemates) +The separa- 
tion of a racemate into the two optical 
isomers. This cannot be done by normal 
methods, such as crystallization or 
distillation, because the isomers have 
identical physical properties. The main 
methods are: 
(1) Mechanical separation. Certain opti- 
cally active compounds form crystals 
with distinct left- and right-handed 
shapes. The crystals can be sorted by 
hand. 
(2) Chemical separation. The mixture is 
reacted with an optical isomer. The 
products are then not optical isomers of 
each other, and can be separated by 
physical means. For instance, a mixture 
of D- and L-forms of an acid, acting 
with a pure L-base, produces two salts 
that can be separated by fractional 
crystallization and then reconverted into 
the acids. 
(3) Biochemical separation. Certain 
organic compounds can be separated by 
using bacteria that feed on one form 
only, leaving the other. 


resonance +The behaviour of many 


retort 


compounds cannot be adequately explai- 
ned by a single structure using simple 
single and double bonds. The bonding 
electrons of the compound have a 
different distribution in the molecules. 
The actual bonding in the molecule can 
. be regarded as a hybrid of two or more 
conventional fotms of the molecule, 
called resonance forms or canonical 
forms. The result is a resonance hybrid. 
For example, the carbonyl group in a 
ketone has negative charge on the 
oxygen atom. lt can be described as a 
resonance hybrid, somewhere between 
=C=O, in which a pair of electrons is 
shared between the C and the O, and 
-C*-O', in which the electrons are 
localized on the O atom. Note that the 
two canonical forms do not contribute 
equally in the hybrid. The bonding of 
benzene can be represented by a reson- 
ance hybrid of two Kekulé structures 
and, to a lesser extent, three Dewar 
Structures. 


retort A piece of laboratory apparatus 
consisting of a glass bulb with a long 
marrow neck. In industrial chemistry, 
various vessels in which distillations or 
reactions take place are called retorts, 


reverbatory furnace A furnace for 
smelting metals. It has a curved roof so 
that heat is reflected downwards, the 


fuel being in one part of the furnace and 
the ore in the other. 


reversible change A change in the 
Pressure, volume, or other properties of 
a system, in which the system remains at 
equilibrium throughout the change. Such 
processes could be reversed; i.e. retur- 
ned to the original starting position 
through the same series of stages. They 
are never realized in practice. An 
isothermal reversible compression of a 
gas, for example, would have to be 
carried out infinitely slowly and involve 
no friction, etc. Ideal energy transfer 
would have to take place between the 
gas and the surroundings to maintain a 
constant temperature. 
fin practice, all real processes are 
irreversible changes in which there is 


not an equilibrium throughout the 
change. In an irreversible change, the 
System can still be returned to its original 
State, but not through the same series of 
stages. For a closed system, there is an 
entropy increase involved in an irrever- 
sible change. 


reversible reaction A chemical reaction 
that can proceed in either direction. For 
example, the reaction: 
N: + 3H: = 2NHy 
is reversible. In general, there will be an 
equilibrium mixture of reactants and 
products, 


Rr value A measure of the relative 
distance travelled by a sample in a 
chromatography experiment. It is 
obtained by dividing the distance 
travelled by the solvent front into the 
distance travelled by the sample. Under 
standard conditions, the Rp value is 
characteristic of a particular substance. 
See paper chromatography, thin-layer 
chromatography. 


rhenium A very rare transition metal 
that usually occurs naturally with 
molybdenum. It is chemically similar to 
manganese and is used in alloys. 
Symbol: Re; m.p, 3180°C; b.p. 5630°C; 
r.d. 20.0; p.n. 75; r.a.m. 186.21. 


rhodium A transition metal, extracted in 
Canada. It is difficult to work and highly 
resistant to corrosion. Rhodium is used 
in protective finishes and in mirrors 
formed by electrolytic deposition. 
Symbol: Rh; m.p. 1970°C; b.p. 3720°C; 
r.d. 12.4; p.n. 45; r.a.m. 102.91. 


rhombic crystal See crystal system. 


ribose (C;H\Os) A monosaccharide; à 
component of RNA. 


ring A closed loop of atoms in a molecule, 
as in benzene or cyclohexane. +A fused 
ring is one joined to another ring in 
such a way that they share two atoms. 
Naphthalene is an example of a fused- 
ring compound. 
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ring cloSure +A reaction in which one 
Part of an open chain in a molecule 
reacts with another part, so that a ring 
of atoms is formed. 


rock salt A transparent naturally 
occurring mineral form of sodium 
chloride. 


roentgen Symbol: R A unit of radiation, 
used for X-rays and y-rays, defined in 
terms of the ionizing effect on air. One 
roentgen induces 2.58 x 10:* coulomb 
of charge in one kilogram of dry air. 


Rose’s metal A fusible alloy containing 
50% bismuth, 25-28% lead, and tin. Its 
low melting point (about 100°C) leads 
to its use in fire-protection devices. 


rotary dryers tDevices commonly used 
in the chemical industry for the drying, 
mixing, and sintering of solids. They 
consist essentially of a rotating inclined 
Cylinder, which is longer in length than 
in diameter. Gases flow through the 
Cylinder in either a countercurrent or 
Cocurrent direction to regulate the flow 
of solids, which are fed into the end of 
the cylinder. Rotary dryers can be 
applied to both batch and continuous 
processes, 


rubber A natural or synthetic elastic 
polymeric material. Natural rubber is a 
Polymer of methylbuta-l,3-diene (iso- 
Prene). Various synthetic rubbers are 
made by polymerization; for example 
chloroprene rubber (from 2-chloro- 
buta-1,3-diene) and silicone rubbers. See 
also vulcanization, 


rubidium +A soft silvery highly reactive 
clement of the alkali-metal group. 
Naturally occurring rubidium comprises 
two isotopes, one of which, rubidium-87, 
is radioactive (half-life 5 x 10'° years). 
It is found in small amounts in several 
Complex silicate minerals, inclüding 
lepidolite. Rubidium is used in vacuum 
tubes, photocells, and in making special 
glass, 
Symbol: Rb; m.p. 38.89°C; b.p. 688°C; 


183 


sacrificial protection 


r.d. 1.53 (solid), 1.47 (liquid); p.n. -37; 
r.a.m. 85.47. 


rusting The corrosion of iron in air to 
form an oxide. Both oxygen and mois- 
lure must be present for rusting to 
occur. The, process is electrolytic, 
involving electrochemical reactions on 
the wet ion: 

Fe(s) ^ Fe?*(aq) + 2e 
H:O + O,(aq) + 2e- — 20H-(aq) 

Iron(II) hydroxide precipitates and is 
oxidized to the red hydrated iron(II) 
oxide Fe;O;.H;0. 


ruthenium A transition metal that occurs 
naturally with platinum. It forms alloys 
with platinum that are used in electrical 
contacts. Ruthenium is also used in 
jewellery alloyed with palladium. 
Symbol: Ru; m.p. 2430°C; b.p. 3700°C; 
r.d. 12.4; p.n. 44; r.a.m. 101.07. 


saccharide See sugar. 


Sachse reaction tA process for the 
manufacture of ethyne from natural gas 
(methane). Part of the methane is burned. 
in two stages to raise the furnace 
temperature to about 1500°C. Under 
these conditions, the rest of the methane 
is converted to ethyne and hydrogen: 

2CH; > C;H; + 3H; 
The process is important since it 
provides a source of ethyne from readily 
available natural gas, thus avoiding the 
expensive ‘carbide process’. 


sacrificial protection tA method of 
protection against electrolytic corrosion 
(especially rusting). In protecting steel 
pipelines, for instance, zinc or mag- 
nesium rods are buried in the ground at 
points along the line and connected to 
the pipeline. Rusting of iron is an 
electrochemical process in which Fe?* 


sal ammoniac 


ions dissolve in the water in contact 
with the surface. A more electropositive 
element, such as zinc, protects against 
this because Zn?* ions dissolve in 
preference. In other words, the zinc rod 
sacrifices itself for the steel pipeline. 
The same effect occurs with galvanized 
jron. If the zinc coating is scratched, the 
iron exposed does not rust until all the 
zinc has dissolved away. (Note that tin, 
being less electropositive than iron, has 
the opposite effect.) 


sal ammoniac See ammonium chloride. 


saline Containing a salt, especially an 
alkali-metal halide such as sodium 
chloride. 


salt A compound with an acidic and a 
basic radical, or a compound formed by 
total or partial replacement of the 
hydrogen in an acid by a metal. In 
general terms a salt is a material that 
has identifiable cationic and anionic 
components. 


salt bridge An electrical contact 
between two half cells, used to prevent 
mixing. A glass U-tube filled with 
pedum chloride in agar is commonly 
used. 


salt hydrate A metallic salt in which the 
metal ions are surrounded by a fixed 
number of water molecules. The water 
molecules are bound to the metal ions 
by ion-dipole interactions. In the solid 
state the water molecules form part of 
the crystal structure. 
*Salt hydrates that contain several 
molecules of water for each metal ion 
can lose them progressively (effloresce) 
if the pressure of water vapour is kept 
below the dissociation pressure of the 
system; eventually an anhydrous salt is 
formed. Alternatively, if the vapour 
pressure is continuously raised the 
system will add molecules of water 
(deliquesce) until a saturated solution 
forms. 


saltpetre Sce potassium nitrate. 


samarium A silvery element of the 
lanthanoid series of metals. It occurs in 
association with other lanthanoids. 
Samarium is’ used in the metallurgical, 
glass, and nuclear industries. 
Symbol: Sm; m.p. 107°C; b.p. 1790°C; 
r.d. 7.5; p.n. 62; r.a.m. 150.35. 


Sandmeyer reaction 1A method for the 
synthesis of chloro- and bromoarenes by 
heating the diazonium salt with the 
coppet(I) halide, for example: 

C,H4N;* + CuBr — C,H;Br 


sandwich compound tA type of complex 
formed between transition-metal ions 
and aromatic compounds, in which the 
metal ion is ‘sandwiched’ between the 
rings. The bonding is between the d 
orbitals of the metal and the v electrons 
on the ring. Four-, five-, six-, seven-, 
and eight-membered rings are known to 
complex with V, Cr, Mn, Co, Ni, and 
Fe. Ferrocene (Fe(CsH;):) is the best 
known example. 


saponification The process of hydroly- 
sing an ester with a hydroxide. The 
carboxylic acid forms a sodium salt. For 
instance, with sodium hydroxide: i 
RCOOR’ + NaOH = NaOOCR +` 
R'OH 
The saponification of fats, which are 
esters of. 1,2,3-trihydroxypropane with 
long-chain carboxylic acids, forms soaps. 


saturated compound An organic com- 
pound that does not contain any double 
or triple bonds in its structure. tA 
saturated compound will undergo substi- 
tution reactions but not addition reac- 
tions since each atom in the structure 
will already have formed its maximum 
possible number of single bonds. 
Compare unsaturated compound. 


saturated solution A solution that 
contains the maximum equilibrium 
amount of solute at a given temperature. 
A solution is saturated if it is in 
equilibrium with its solute. If a saturated 
solution of a solid is cooled slowly, the 
solid may stay temporarily in solution; 
ie. the solution may contain more than 


the equilibrium amount of solute. Such 
solutions are said to be supersaturated. 


Saturated vapour A vapour that is in 

, equilibrium with the solid or liquid. A 
saturated vapour is at the maximum 
Pressure (the saturated vapour pressure) 
at a given temperature. If the tempera- 
ture of a saturated vapour is lowered, 
the vapour condenses. Under certain 
circumstances, the substance may stay 
temporarily in the vapour phase; i.e. the 
vapour contains more than the equili- 
brium concentration of the substance. 
The vapour is then said to be super- 
Saturated. 


sock) elements The elements of the 
main groups; i.e. IA (H, Li, 
py K, Rb, Cs, Fr) and IIA (Be, Mg, 
» Sr; Ba, Ra). They are so called 
i use their outer shells have the 
electronic configurations ns! or ns? The 
Fablok excludes those with inner (n - 
Jd levels occupied (i.e. excluding tran- 
sition elements, which also have s? and 
Occasionally s! configurations). 


Scandium A light-weight silvery element 
belonging to the first transition series. It 
is found in minute amounts in over 800 
minerals, often associated with lan- 
thanoids. Scandium is used in high- 
intensity lights. 

Symbol: Sc; m.p. 1541°C; b.p. 2831°C; 
r.d. 2.99; p.n. 21; r.a.m. 44.96. 


Schiff's base +A type of compound 
formed by reacting an aldehyde or 
ketone (e.g. RCOR) with an aryl amine 
(e.g. ArNH;) The product, which is 
usually crystalline, has the formula 
R;C:NAr. 

Schiffs reagent tAn aqueous solution 
of magenta dye decolorized by reduc- 
tión with sulphur(IV) oxide. It is a test 
for aldehydes and ketones. Aliphatic 
aldehydes restore the colour quickly; 
aliphatic ketones and aromatic aldehy- 
des slowly; aromatic ketones give no 
reaction. 


Schotten-Baumann reaction tA met- 
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seed- 


hod for the preparation of N- l- 
benzamide (benzanilide) in a 
mixture of phenylamine (aniline) and 
sodium hydroxide is stirred while 
benzoyl chloride is added slowly. The 
N-phenyl-benzamide precipitates and 
can be recrystallized from hot ethanol: - 
C,H:NH; + CsH;COCI > 
C.HsNH.COC,H; + HCl 


Schottky defect +See defect. 


second Symbol: s The SI base unit of 
time. TIt is defined as the duration of 
9192631770 cycles of a particular 
wavelength of radiation corresponding 
to a transition between two hyperfine 
levels in the ground state of the 
caesium-133 atom. 


second-order reaction A reaction in 

which the rate of reaction is propor- 
tional to the product of the concen- 
trations of two of the reactants or to the 
square of the concentration of one of 
the reactants; i.e. 

rate = k[A][B] 
or 

rate = KAP? 
For example, the hydrolysis by dilute 
alkali of an ester is a second-order 
reaction: 

rate = k [ester][alkali] 

+The rate constant for a second-order 
reaction has the units mol! dm! s:'. 
Unlike a first-order reaction, the time 
for a definite fraction of the reactants to 
be consumed is dependent on the 
original concentrations. 


sedimentation The settling of a suspen- 
sion, either under gravity or in a centri- 
fuge. tThe speed of sedimentation can 
be used to estimate the average size of 
the particles. This technique is used 
with an ultracentrifuge to find the 
relative molecular masses of macro- 
molecules. 


seed A small crystal added to a gas or 
liquid to assist solidification or pre- 
cipitation from a solution. The seed, 
usually a crystal of the substance to be 
formed, enables particles to pack into 


selenium 


predetermined positions so that a larger 
crystal can form. 


selenium A metalloid element existing in 
several allotropic forms and belonging 
to group VI of the periodic table. It 
occurs in minute quantities in sulphide 
ores and industrial sludges. The common 
grey allotrope is very light-sensitive and 
is used in photocells, solar cells, and in 
xerography. 
Symbol: Se; m.p. 217°C (grey); b.p. 
684.9°C (grey); r.d. 4.79 (grey); p.n. 34; 
r.a.m. 78.96. 


semicarbazone tA type of organic 
compound containing the C:N.NH.CO.- 
NH; grouping, formed by reaction of an 
aldehyde or ketone with semicarbazide 
(H;N.NH.CO.NH;). The compounds 
are crystalline solids with sharp melting 
points, which can be used to characterize 
the original aldehyde or ketone. 


semipermeable membrane A mem- 
brane that, when separating a solution 
from a pure solvent, permits the solvent 
molecules to pass through it but does 
not allow the transfer of solute mole- 
cules. Synthetic semipermeable mem- 
branes are generally supported on a 
porous material, such as unglazed 
porcelain or fine wire screens, and are 
commonly formed of cellulose or related 
materials. They are used in osmotic 
studies, gas separations, and medical 
applications. 
TEquilibrium is reached at a semiper- 
meable membrane if the chemical poten- 
tials on both sides become identical; 
migration of solvent molecules towards. 
the solution is an attempt by the system 
to reach equilibrium. The pressure 
required to halt this migration is the 
osmotic pressure. 


semipolar bond A coordinate bond. 


septivalent (hexavalent) Having a 
valence of seven. 

sequestration tThe formation of a 
complex with an ion in solution, so that 
the ion does not have its normal activity. 


Sequestering agents are often chelating 
agents. 


serine +See amino acids. 


sesqui- tPrefix indicating a 2/3 ratio. A 
sesquioxide, for example, would have 
the formula M;O;. 


Shell A group of electrons that share the 
same principal quantum number. Early 
work on X-ray emission studies used the 
terms K, L, M, and these are still 
sometimes used for the first three shells: 
n = | K-shell; n = 2 L-shell; n = 3 M- 
shell. 


Sheradizing A technique used to obtain 
corrosion-resistant articles of iron or 
Steel by heating with zinc dust in a 
sealed rotating drum for several hours at 
about 375°C. At this temperature the 
two metals amalgamate forming internal 
layers of zinc-iron and zinc-steel alloys 
and an external layer of pure zinc. 
Sheradizing is principally used for small 


parts, such as springs, washers, nuts, and 
bolts. 


short period See period. 
SI See SI units. 
side chain See chain. 


side reaction A chemical reaction that 
takes place to a limited extent at the 
same time as a main reaction. Thus the 
main product of a reaction may contain 
small amounts of other compounds. 


Siemens (mho) Symbol: S The SI unit of 
electrical conductance, equal to a 
conductance of one ohm:'. 


silane fAny of a small number of 
hydrides of silicon: SiH,, Si;Hs, SiHs 
etc. Silanes can be made by the action of 
acids on magnesium silicide (Mg:Si): 
They are unstable compounds and ignite 
spontaneously in air. Only the first few 
members of the series are known and 
there is not the range of 'hydrosilicon 
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compounds to compare with the hydro- 
carbons. 


silica See silicon(IV) oxide. 


silica gel A gel made by coagulating 
sodium silicate sol. The gel is dried by 
heating and used as a catalyst support 
and as a drying agent. The silica gel 
used in dessicators and in chemical- 
balance cases to remove moisture is 
usually coloured with a cobalt salt to 
indicate whether it is still active (blue = 
dry; pink = moist). 


silicates A large number of compounds 
containing metal ions and complex sili- 
con-oxygen compounds. tThe negative 
ions in silicates are of the form SiO4“, 
Sio, etc., and many are polymeric, 
containing SiO, units linked in long 
Chains, sheets, or three-dimensional 
arrays. Aluminosilicates and borosili- 
cates are similar materials containing 
aluminium or boron atoms in the struc- 
ture, Many silicates occur naturally in 
rocks and minerals. 


silicide A compound of silicon with a 


more electropositive element. 


Silicon A hard brittle grey metalloid 
element; the second element in group 
IV of the periodic table. It has the 
electronic configuration of neon with 
four additional outer electrons; i.e, 
[Ne]3s?3p?. 

Silicon accounts for 27.7% of the mass 
of the Earth's crust and occurs in a wide 
variety of silicates with other metals, 
clays, micas, and sand, which is largely 
SiO; The clement is obtained on a 
small scale by the reduction of sili- 
con(IV) oxide (SiO;) by carbon or 
calcium carbide. For semiconductor 
applications very pure silicon is 
produced by direct reaction of silicon 
with an HCI/Cl; mixture to give silicon 
tetrachloride (SiCl,), which can be puri- 
fied by distillation. This is then decom- 
posed on a hot wire in an atmosphere of 
hydrogen. For ultra-pure samples zone 
refining is used. Unlike carbon, silicon 


silicon 


does not form allotropes but has only 
the diamond-type of structure. 
Silicon does not react with hydrogen 
except under extreme conditions in the 
presence of chlorine, in which case 
compounds such as trichlorosilane 
(HSiCl;) are obtained. The hydride SiH, 
itself may be prepared in the laboratory 
by hydrolysis of magnesium silicide (a 
number of other hydrides up to S&H 
are obtained), or more conveniently by 
reduction of silicon tetrachloride with 
lithium tetrahydridoaluminate: 
SiC + LiAIH, — SiH, + LiCl + 
AlCl; 
The silanes are mildly explosive and the 
chloroalkyl silanes extremely so. 
Silicon combines with oxygen when 
heated in air to form silicon(IV) oxide. 
The mineral silicates constitute a vast 
collection of materials with a wide range 
of structures including chains, rings, 
lattices, twisted chains, sheets, and vary- 
ingly cross-linked structures all based 
on different assemblies of [SiO,]^* 
tetrahedra. Being a metalloid, silicon is 
somewhat amphoteric and consequently 
silica is weakly acidic, dissolving in 
fused alkalis to form the appropriate 
silicate. 
Silicon also forms an immense number 
of organic derivatives. In many cases 
where single bonding only is involved 
these compounds are rather similar to 
organic analogues with the general 
distinction that nucleophilic attachment 
occurs at silicon (rather than at hydro- 
gen) and bond angles at oxygen and 
nitrogen are often larger than the organic 
materials. Optical activity and inversion 
of activity is observed. The major 
differences are due to the type of ‘double 
bond’ available to carbon (pr-pr), and 
to silicon (p — dz or back bonding). 
Thus silicon does not form conventional 
double bonds and silicon bonds to 
oxygen are of the ether type (as in 
siloxanes) rather than the ketone type. 
The Si-OH bond is also very much less 
stable than the alcohol link, R-OH, 
ready condensation to the siloxane 
occurring in the silicon case. 

2R;SiOH — R;Si-O-SiR; + H;O 


silicon carbide 


Symbol: Si; m.p: 1414°C; b.p. 2355°C; 
r.d. 2.32-2.34; p.n. 14; r.a.m. 28. 


Silicon carbide (carborundum, SiC) A 
black very hard crystalline solid made 
by heating silicon(IV) oxide (sand) with 
carbon (coke) in an electric furnace. It 
is used as an abrasive. 


silicon dioxide See silicon(IV) oxide. 


silicones Polymeric synthetic silicon 
compounds containing chains of alter- 
nating silicon and oxygen atoms, with 
organic groups bound to the silicon 
atoms. Silicones are used as lubricants 
and water repellants and in waxes and 
varnishes. Silicone rubbers are superior 
to natural rubbers in their resistance to 
both high and low temperatures. See 
also siloxanes, 


silicon(IV) oxide (silicon dioxide, silica, 
SiO; A hard crystalline compound 
Occurring naturally in three crystalline 
forms (quartz, tridymite, and crysto- 
balite). Sand is mostly silicon( IV) oxide. 
Fused silica is a glassy substance used in 
laboratory apparatus. Silica is used in 
the manufacture of glass. 


siloxanes Compouríds containing Si-O- 
Si groups with organic groups bound to 
the silicon atoms. The silicones are 
polymers of siloxanes. 


Silver A transition metal that occurs 
native and as the sulphide (AgiS) and 
chloride (AgCI). It is extracted as a by- 
product in refining copper and lead 
ores. Silver darkens in air due to the 
formation of silver sulphide. It is used in 
coinage alloys, tableware, and jewellery. 
Silver compounds are used in photo- 
graphy. 
Symbol: Ag; m. 
r.d. 10.5; p.n. 4 


960°C; b.p. 2180°C; 
a.m. 107.87, 


silver(I) bromide (AgBr) A pale yellow 
precipitate obtained by adding a soluble 
bromide solution to a solution of 
silver(I) nitrate. The halide dissolves in 
concentrated ammonia solution but not 
in dilute ammonia solution. It is used 


extensively in photography for making 
the sensitive emulsions for plates and 
films. +Silver(1) bromide crystallizes in 
a similar manner to sodium(1) chloride. 
Unlike silver(I) chloride and silver(I) 
iodide, silver(I) bromide does not absorb 
ammonia gas. 


silver(I) chloride (AgCI) A compound 
Frepared as a curdy white precipitate by 
the addition of a soluble chloride 
solution to a solution of silver(I) nitrate. 
It occurs in nature as the mineral "horn 
silver’. Silver(I) chloride is insoluble in 
water but dissolves in concentrated 
hydrochloric acid and concentrated 
ammonia solution. It is rather unreactive 
but is affected by sunlight, being used 
extensively in photography. +Silver(1) 
chloride crystallizes in the sodium 
chloride lattice pattern. It absorbs 
ammonia gas forming ammines, e.g. 
AgCI.2NH; and AgCI.3NH;. 


silver(I) iodide (AgI) A pale yellow 
precipitate prepared by the addition of a 
soluble iodide solution to a solution of 
silver(I) nitrate. Silver(I) iodide occurs 
in nature as iodoargyrite in the form of 
hexagonal crystals, It i virtually 
insoluble in ammonia solution and is 
used in the photographic industry- 
tSilver(1) iodide will absorb ammonia 
gas. It is trimorphic and is found to 


contract when heated and expand on 
cooling. 


silver-mirror test +A test for the 
aldehyde group. A few drops of the 
sample are warmed with Tollen’s 
reagent. An aldehyde reduces Ag* tO 
silver metal, causing a brilliant silver 
mirror to coat the inside wall of the 
tube, See also Tollen's reagent. 


silver(I) nitrate (AgNO;) A white 
crystalline solid prepared by dissolving 
silver in dilute nitric acid and crystal- 
lizing the solution. Silver(I) nitrate 15 
dimorphous, crystallizing in the orthor- 
hombic and hexagonal systems. It under- 
goes thermal decomposition to yield 
silver, nitrogen(IV) oxide, and oxygen- 
Probably the most important silver salt, 
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it is used in the medical industry for the 
treatment of warts and in the photo- 
graphic industry. In the laboratory, it is 
used both as an analytical and 
volumetric reagent. fSilver(I) nitrate in 
solution and in the solid state can oxidize 
organic compounds, e.g. aldehydes can 
be oxidized to carboxylic acids; the 
Silver ions are reduced to silver. 


silver(I) oxide (argentous oxide, Ag:O) 
brown amorphous solid formed by 
the addition of sodium or potassium 
hydroxide solution to a solution of silver 
nitrate. Silver(I) oxide turns moist red 
litmus blue and decomposes (at 160°C) 
to give silver and oxygen. tSilver(I) 
oxide dissolves in concentrated ammonia 
Solution, forming the complex ion 
[Ag(NH;);]*. In organic chemistry it is 
used when moist to convert alkyl halides 
to the corresponding alcohol and when 
dry to convert alkyl halides into ethers. 


silver(II) oxide (argentic oxide, AgO) 
A black diamagnetic substance prepared 
by the oxidation of either silver or 
silver(I) oxide using ozone. Alterna- 
tively it can be prepared as a precipitate 
by the addition of a solution of potas- 
sium persulphate to one of silver(I) 
nitrate. fSilver(II) oxide has a structure 
similar to that of zinc sulphide. 


Single bond A covalent bond between 
two elements that involves one pair of 
electrons only. Often referred to as a 
Sigma bond, (o bond), it is represented 
by a single line, for example H-Br. 
+The sigma bond is formed by the over- 
lap of sigma-atomic orbitals from each 
atom (i.e. orbitals that are on the inter- 
nuclear axis). 

Compare multiple bond. 


Sintering A process in which certain 
Powdered substances (e.g. metals, 
Ceramics) coagulate into a single mass 
when heated to a temperative below the 
substance's melting point. Sintered glass 
Is a porous material used for laboratory 
filtration. 


ST units (Système International d'Unités) 
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soap 


The internationally adopted system of 
units used for scientific purposes. It has 
seven base units (the metre, kilogram, 
second, kelvin, ampere, mole, and 
candela) and two supplementary units 
(the radian and steradian). Derived units 
are formed by multiplication and/or 
division of base units; a number have 
special names. Standard prefixes are 
used for multiples and submultiples of 
SI units. fThe SI system is a coherent 
rationalized system of units. 


slag Glasslike compounds of compara- 
tively low melting point formed during 
the extraction of metals when the 
impurities in an ore react with a flux. 
The fact that the slag is a liquid of 
comparatively low density means that it 
can be separated from the liquid metal 
on which it floats. In a blast furnace, the 
flux used is limestone (CaCO;) and the 
main impurity is silica (SiO;). The slag 
formed is mainly calciurn silicate: 

CaCO; + SiO; — CaSiO; 

It is used as railway ballast and in 
fertilizers and concrete. 


slaked lime See calcium hydroxide. 


slurry A thin paste of suspended solid 
particles in a liquid. 


smelting An industrial process for extrac- 
ting metals from their ores at high 
temperatures. Generally the ore is 
reduced with carbon (for zinc and tin) 
or carbon monoxide (for iron). Copper 
and lead are obtained by reduction of 
the oxide with the sulphide; for exam- 


le: 
~ 2CujO + Cu;S + 6Cu + SO; 
A flux is also used to combine with 
impurities and form a slag on top of the 
molten metal. 


soap One of a number of sodium or 
potassium compounds of certain organic 
acids that are commonly used to improve 
the cleansing properties of water. Soap 
was the earliest known detergent. It is 
made by first reacting vegetable oils and 
animal fats with a strong solution of 
sodium or potassium hydroxide to 


soap 


physical quantity 


length 
mass 
time 


electric current 
thermodynamic temperature 
luminous intensity 

amount of substance 


“plane angle 
“solid angle 


"supplementary units 


Base and Supplementary SI Units 


name of SI unit 


metre 
kilogram(me) 
second 
ampere 
kelvin 
candela 
mole 

radian 
steradian 


Derived SI Units with Special Names 


physical quantity 


frequency 
energy 

force 

power 
pressure 
electric charge 


electric potential difference 
electric resistance 

electric conductance 
electric capacitance 


magnetic flux 
inductance 


magnetic flux density 


luminous flux 


illuminance (illumination) 


absorbed dose 


name of SI unit 


hertz 
joule 
newton 
watt 
Pascal 
coulomb 
volt 
ohm 
siemens 
farad 
weber 
henry 
tesla 
lumen 
lux 

gray 


symbol for unit. 


m 
kg. 


symbol for SI unit 
Hz 


c 
ez 


4rz7"00«0 
c 


Decimal Multiples and Submultiples to be used with SI Units 


submultiple 


prefix 


deci- 
centi- 
milli- 
micro- 
nano- 
pico- 
femto- 
atto- 


symbol multiple 


$-—905-3goa 


10" 
10? 
103 
105 
109 
10 
10'5 
1018 


prefix 


deca- 
hecto- 
kilo- 
mega- 
giga- 
tera- 
peta- 
exa- 


symbol 
da 


mo-doz-- 


Produce organic acids, such as octade- 
canoic acid. The soap is then pre- 
Cipitated out as the salt, e.g. sodium 
octadecanoate, by adding excess sodium 
chloride. In water, soap molecules break 
up to produce ions, which are respon- 
siblefor the cleansing properties. See 
also detergents. 


soda ash See sodium carbonate. 


soda lime A grey solid produced by 
adding sodium hydroxide solution to 
calcium oxide, to give a mixture of 
Ca(OH); and NaOH. It is used in the 
laboratory as a drying agent and to 
absorb carbon dioxide. 


sodamide (NaNH.) +A white ionic solid 
formed by passing dry ammonia over 
Sodium at 300-400"C. The compound 
reacts with water to give sodium 
hydroxide and ammonia. It reacts with 
Ted-hot carbon to form sodium cyanide 
and With nitrogen(I) oxide to form 
Sodium azide. Sodamide is used in the 
Castner process and in the explosives 
industry. ^ - 


Sodium A soft reactive metal; the second 
member of the alkali metals (group I of 
the periodic table). It has the electronic 
Configuration of a neon structure plus 
an additional outer 3s electron. Elec- 
tronic excitation in flames or the familiar 
sodium lamps gives a distinctive yellow 
Colour arising from intense emission at 
the so called "sodium-D' line pair. The 

lonization potential is rather low and 

the sodium atom readily loses its elec- 
iron (i.e. the metal is strongly reducing). 

The chemistry of sodium is largely the 

chemistry of the monovalent Na * ion. 

lum Occurs widely as NaCl in sea- 
water and as deposits of halite in dried 
up lakes etc., (2.6% of the lithosphere). 

The element is obtained commercially 

by electrolysis of NaCl melts in which 

the melting point is reduced by the 
addition of calcium chloride, sodium is 

Produced at the iron cathode (the Downs 

cell). The metal is extremely reactive. It 

reacts vigorously with the halogens, and 
also with water to give hydrogen and 
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sodium azide 


sodium hydroxide. The chemistry of 
sodium is very similar to that of the 
other members of group I. 

Nearly all sodium compounds are 
soluble in water. Sodium hydroxide is 
produced commercially by the electroly- 
sis of brine using diaphragm cells 
(largely in the US) or mercury-cathode 
cells (in the UK); chlorine being a co- 
product. 

Solutions of sodium metal in liquid 
ammonia are blue and have high electri- 
cal conductivities; the main current 
carrier of such solutions is the solvated 
electron. Such solutions are used in both 
organic and inorganic chemistry as effi- 
cient reducing agents. Sodium also forms 
a number of aklyl and aryl derivatives 
by reaction with the appropriate 
mercury compound, e.g.: 

(CH): Hg + 2Na + 2CH;Na + Na/- 
Hg 

These materials are used as catalysts for 
polymerization reactions, The metal has 
a body-centred structure, 

Symbol: Na; m.p. 97.8°C; b.p. 883°C; 
r.d. 0.97; p.n. 11; r.a.m. 22.98. 


sodium acetate +See sodium ethanoate. 


sodium aluminate (NaAIO:) fA white 
solid produced by adding excess alumin- 
ium to a hot concentrated solution of 
sodium hydroxide. Once the reaction 
has been initiated, sufficient heat is 
liberated to keep the reaction going; 
hydrogen is also produced. In solution 
the aluminate ions have the structure 
AK OH), and NaAI(OH), is known as 
sodium(I) tetrahydroxoaluminate( III). 
Addition of sodium hydroxide to an 
aluminium salt solution produces a 
white gelatinous precipitate of alumin- 
ium hydroxide, which dissolves in excess 
alkali to give a solution of sodium(I) 
tetrahydroxoaluminate( III). 


sodium azide (NaN;) fA white solid 
prepared by passing nitrogen(I) «oxide 
over heated sodamide. On heating, 
sodium azide decomposes to give sodium 
and nitrogen. It is used as a reagent in 
organic chemistry and in the preparation 
of lead azide (for use in detonators). 


sodium benzenecarboxylate 


sodium benzenecarboxylate (sodium 
benzoate, CsHsCOONa) tA white 
crystalline powder made by neutralizing 
benzoic acid with sodium hydroxide 
solution and then evaporating the 
solution. It is used as an urinary 
antiseptic, in the dyeing industry, and as 
a food preservative. 


sodium benzoate +See sodium ben- 
zenecarboxylate. 


sodium bicarbonate See sodium hydro- 
gencarbonate. 


sodium bisulphate See sodium hydro- 
gensulphate. 


sodium bisulphite See sodium hydro- 
gensulphite. 


sodium bromide (NaBr) A white solid 
formed by the action of bromine on hot 
Sodium hydroxide solution. Alterna- 
tively, it can be made by the action of 
dilute hydrobromic acid on sodium 
carbonate or hydroxide. Sodium bro- 
mide is soluble in water and forms 
crystals similar in Shape to sodium 
chloride. It is used in medicine and 
photography. tSodium bromide forms a 
hydrate, NaBr.2H;O. 


sodium carbonate (soda ash, Na;CO;) 
A white amorphous powder, which 
aggregates on exposure to air owing to 
the formation of hydrates. Industrially it 
is prepared by the ammonia-soda 
(Solvay) process. On crystallizing from 
aqueous solution large translucent 
crystals of the decahydrate (NaxCO;. 
10H,O) are formed (washing soda), 
These effloresce forming the monohy- 
drate, Na;CO;.H;O. Large quantities of 
sodium carbonate are used in the 
manufacture of sodium hydroxide. 
Washing soda is used as a domestic 
cleanser. {The salt produces an alkaline 
solution in water by hydrolysis: 
Na,CO; + 2H;0 — 2NaOH + H,CO; 
It is used in volumetric analysis to 
standardize strong acids. 


sodium chlorate(V) (NaClO;) A white 


solid formed by the action of chlorine 
on hot concentrated sodium hydroxide 
solution, or by the electrolysis of a 
concentrated sodium chloride solution. 
It is soluble in water. Sodium chlorate is 
a powerful oxidizing agent. If héated it 
yields oxygen and sodium chloride. The 
chlorate is used in explosives, in 
matches, as a weed killer, and in the 
textile industry. 


sodium chloride (common salt, salt, 
NaCl) A white solid prepared by the 
neutralization of hydrochloric acid with 
aqueous sodium hydroxide. It occurs in 
sea water and natural brines. Natural 
solid deposits of rock salt are also found 
in certain places, The compound 
dissolves in water with the absorption of 
heat, its solubility changing very little 
with temperature. It is used to season 
and preserve food, Industrially, it is 
used as a raw material in the manufac- 
ture of sodium carbonate (Solvay 
Process), sodium hydroxide (electroly- 
sis), and soap. +Sodium chloride is 
almost insoluble in alcohol. 


O chloride ion 


sodium ion 


Sodium-chloride structure 
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sodium-chloride structure A form of 
crystal structure that consists of a face- 
centred cubic arrangement of sodium 
ions with chloride ions situated at the 
middle of each edge and in the centre of 
the cube. Electrostatic attraction holds 
the oppositely charged ions together. 
+The lattice can also be thought of as 
two interpenetrating face-centred cubes, 
one composed of sodium ions and the 
other of chloride ions. Other compounds 
(e.g. sodium bromide and potassium 
chloride) having their ions arranged in 
the same positions, are also described as 
having the sodium-chloride structure. 


cociiml cyanide (NaCN) A white solid 
form i either by the action of carbon on 
amide at high temperature or by 
Passing ammonia over sodium at 
s UG to form sodamide and reac- 
Ei i n carbon. The industrial salt is 
pan by the Castner process and 
pns ied by recrystallization from liquid 
s nonii It is extremely poisonous and 
sed as a source of cyanide and hydro- 
cyanic acid. In the cyanide process it is 
used in the extraction of silver and gold. 
tts aqueous solutions are alkaline due 
to salt hydrolysis. 


sodium dichromate (Na,Cr:0;) An 
orange deliquescent solid that is very 
soluble in water. It is made from finely 
Powdered chromite, which is heated 
with calcium oxide and sodium carbon- 
ate in a furnace. If an alkali is added to 
3i solution, ot the dichromate, the chro- 
te is produced. At high temperatures, 
sodium dichromate Tear to give 
the chromate, chromic oxide, and 
oxygen. It is used as an oxidizing agent, 
particularly in organic chemistry and in 
volumetric analysis to estimate iron(II) 
ions and iodide ions. 


sodium dihydrogen phosphate(V) 
(odium dihydrogen orthophosphate, 
NaH;PO,) A white solid prepared by 
titrating Phosphoric acid with sodium 
hydroxide solution using methyl orange 
as the indicator. On evaporation white 
crystals of the monohydrate are formed. 
It is used in some baking powders. tThe 
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sodium hydride 


monohydrate crystallizes in the orthor- 
hombic system. 


sodium dioxide See sodium superoxide. 


sodium ethanoate (sodium acetate, 
CH;COONa) A white solid prepared by 
the neutralization of ethanoic acid with 
either sodium carbonate or sodium 
hydroxide. Sodium ethanoate reacts with 
sulphuric acid to form sodium hydro- 
gensulphate and ethanoic acid; with 
sodium hydroxide it gives rise to sodium 
carbonate and methane. Sodium ethano- 
ate is used in the dyeing industry. 


sodium fluoride (NaF) A white solid 
formed by the action of hydrofluoric 
acid on sodium carbonate or sodium 
hydroxide (the reaction between metallic 
sodium and fluorine is too violent). 
Sodium fluoride is soluble in water and 
reacts with concentrated sulphuric acid 
to yield hydrogen fluoride. It is used as 
a constituent of ceramic enamels, as an 
antiseptic, and as an agent to prevent 
fermentation. 


sodium formate See sodium methanoate. 


sodium hexafluoroaluminate (cryolite, 
Na;AIF;) A compound found in large 
quantities in South Greenland. It is 
white or colourless, but may be reddish 
or brown due to impurities. Sodium 
hexafluoroaluminate is used as a flux in 
the manufacture of aluminium. fit 
crystallizes in the monoclinic system but 
in forms that closely resemble cubes and 
isometric octahedrals. 


sodium hydride (NaH) A white crystal- 
line solid prepared by passing a pure 
stream of dry hydrogen over sodium at 
350°C; the sodium is usually suspended 
in an inert medium. Electrolysis of fused 
sodium hydride yields hydrogen at the 
anode, Sodium hydride reacts with water 
to form sodium hydroxide solution and 
hydrogen. It is used as a powerful 
reducing agent to convert water to 
hydrogen, concentrated sulphuric acid 
to hydrogen sulphide, and iron(III) 
oxide to iron. fSodium hydride bursts 


sodium hydrogencarbonate 


into flames spontaneously on contact 
with the halogens at room temperature. 
It dissolves in liquid ammonia to give 
sodamide, NaNH;. 


sodium hydrogencarbonate (sodium 
bicarbonate, NaHCO;) A white solid 
formed either by passing an excess of 
carbon dioxide through sodium carbon- 
ate or hydroxide solution, or by 
precipitation when cold concentrated 
solutions ‘of sodium chloride and 
ammonium  hydrogencarbonate are 
mixed. Sodium hydrogencarbonate dec- 
omposes on heating to give sodium 
carbonate, carbon dioxide, and water. 
With dilute acids, it yields carbon 
dioxide. It is used as a constituent of 
baking powder, in effervescent bever- 
ages, and in fire extinguishers. +Its 
aqueous solutions are alkaline due to 
salt hydrolysis. Sodium hydrogencar- 
nate forms monoclinic crystals. 


sodium hydrogen sulphate (sodium 
bisulphate, NaHSO;) A white solid 
formed either by the partial neutraliza- 
tion of sodium hydroxide solution with 
sulphuric acid, by the action of concen- 
trated sulphuric acid on sodium nitrate, 
or by heating equimolar quantities of 
sodium chloride and concentrated 
sulphuric acid. In aqueous solution 
sodium hydrogensulphate is strongly 
acidic. It crystallizes as the monohy- 
drate (NaHSO,.H;O), which dehydrates 
on warming. If heated Strongly the 
Pyrosulphate (Na;SjO;) is formed, 
which decomposes to give the sulphate 
and sulphur trioxide. Sodium hydrogen 
sulphate is used as a Cheap source of 
sulphuric acid and in the dyeing indus- 
try. 


sodium hydrogensulphite (sodium 
bisulphite, NaHSO;) A white powder 
prepared by saturating a solution of 
sodium carbonate with sulphur dioxide. 
It is isolated from the aqueous solution 
by precipitation with alcohol. If heated 
it undergoes thermal decomposition to 
give sodium sulphate, sulphur dioxide, 
and sulphur. Sodium hydrogensulphite 


is used to sterilize wine casks and in 
medicine as an antiseptic. 


sodium hydroxide (caustic soda, 
NaOH) A white deliquescent slightly 
translucent solid with a fibrous texture. 
In solution it is a strong alkali and 
electrolyte. In the. laboratory it can be 
prepared by reacting sodium, sodium 
monoxide, or sodium peroxide with 
water. Industrially it can be prepared by 
the electrolysis of sodium chloride using 
à mercury cathode (Castner-Kellner) or 
‘diaphragm’ cell. It can also be manufac- 
tured by the Gossage process. Sodium 
hydroxide dissolves readily in water 
with the evolution of heat. Its solutions 
have a soapy feel and are very corrosive. 
It is used to absorb acidic gases, such as 
carbon dioxide and sulphur dioxide. 
Industrially it is used in soap and paper 
manufacture and in the purification of 
bauxite. 


sodium iodide (Nal) A white solid 
formed by reacting sodium carbonate or 
sodium hydroxide with hydroiodic acid; 
the solution is then evaporated. Sodium 
iodide forms colourless crystals having a 
cubic shape. It is used as a source of 
iodine and in medicine and photography. 
tAcidified solutions of sodium iodide 
exhibit reducing properties owing to the 
formation of hydroiodic acid. 


sodium methanoate (sodium formate, 
HCOONa) A white solid produced by 
Teacting carbon monoxide with solid 
sodium hydroxide at 200°C and 10 
atmospheres pressure. Alternatively it 
can be prepared by the neutralization of 


methanoic acid with sodium hydroxide 
solution. 


Sodium monoxide (Na;O) A white solid 
formed by burning sodium in a defi- 
ciency of oxygen or alternatively by 
reducing sodium peroxide or sodium 
hydroxide with the Tequisite amount of 
sodium. It reacts violently with water to 
form sodium hydroxide and with acids 
to form solutioris of their salts. +Sodium 
monoxide forms cubic crystals. It 


dissolves in liquid ammonia to give 
sodamide and sodium hydroxide. 


sodium nitrate (Chile saltpetre, NaNO:) 
A white solid formed by the neutraliza- 
tion of nitric acid with either sodium 
carbonate or sodium hydroxide. It 
occurs naturally in large quantities in 
South America. Impure industrial 
sodium nitrate is called caliche. Sodium 
nitrate is very soluble in water and on 
crystallization forms colourless deli- 
quescent crystals. On heating it decom- 
Poses to give sodium nitrite and oxygen. 
When heated with concentrated sul- 
phuric acid, nitric acid is produced. 
Sodium nitrate is used as a fertilizer and 
às a source of nitrates and nitric acid. 
+The salt crystallizes in the rhom- 
bohedral system and is isomorphous 
with the iodate. 


sodium nitrite (NaNO;) A yellowish- 
White solid formed by the thermal 
decomposition of sodium nitrate. It is 
readily soluble in water. The anhydrous 
salt forms orthorhombic crystals. When 
treated with cold dilute hydrochloric 
acid, sodium nitrite forms nitrous acid. 
Tlt is used in organic chemistry in the 
process of diazotization and industrially 
as a corrosion inhibitor. 


sodium orthophosphate See trisodium 
phosphate( V). 


Sodium peroxide (Na;O;) A yellowish- 
white ionic solid formed by the direct 
combination of burning sodium with 
excess oxygen. It reacts with water to 
form sodium hydroxide and hydrogen 
Peroxide; the latter decomposes rapidly 
in the alkaline solution to give oxygen. 
Sodium peroxide is used as a bleaching 
agent and an oxidizing agent for such 
materials as wool and wood pulp. 
TSodium peroxide can convert nitro- 
Ben(II) oxide to sodium nitrate and 
iodine to sodium iodate. 


sodium sulphate (Na;SO,) A white 
soluble solid formed by heating a 
mixture of sodium chloride and concen- 
trated sulphuric acid. Industrially it is 


sodium thiosulphate 


prepared by the first stage of the Leblanc 
process. It forms two hydrates, the 
decahydrate (Na:SO,.10H;O) and the 
heptahydrate (INa:SO,.7H;O). Sodium 
decahydrate, known as Glauber's salt, is 
used in the manufacture of glass and as 
a purgative in medicine. It effloresces on 
exposure to air to form the anhydrous. 
salt, which is used as a drying agent in 
organic chemistry. tAt room tempera- 
ture sodium sulphate crystallizes in the 
orthorhombic system; around 250°C 
there is a transition to the hexagonal 
system. The decahydrate crystallizes in 
the monoclinic form. 


sodium sulphide (Na;S) A yellow-red 
solid formed by the reduction of sodium 
sulphate using carbon (or carbon 
monoxide or hydrogen) at a high 
temperature. It is a corrosive material 
and deliquesces to release hydrogen 
sulphide. Sodium sulphide forms hydra- 
tes containing 4), 5, and 9 H;O. In 
aqueous solution it is readily hydrolysed, 
the solution being strongly alkaline. 


sodium sulphite (Na;SO:) A white solid 
formed by reacting the exact amount of 
sulphur dioxide with either sodium 
carbonate or sodium hydroxide. lt is 
readily soluble in water and crystallizes 
as colourless crystals of the heptahy- 
drate (Na;SO,7H;O). When treated 
with dilute mineral acids, sulphur 
dioxide is evolved. At high temperatures, 
sodium sulphite undergoes thermal 
decomposition to give sodium sulphate 
and sodium sulphide. 


sodium superoxide (sodium dioxide, 

Na0:) A pale yellow solid obtained by 
heating sodium peroxide in oxygen at 
490°C. It reacts with water to give 
hydrogen peroxide, sodium hydroxide 
solution, and oxygen. +Commercial 
sodium peroxide contains 10% sodium 
superoxide. 


sodium thiosulphate (Na:S:0,) A white 
solid prepared either by boiling sodium 
sulphite with flowers of sulphur or by 
passing sulphur dioxide into a suspen- 
sion of sulphur in boiling sodium 
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soft soap 


hydroxide. Sodium thiosulphate - is 
readily soluble in water and crystallizes 
as large colourless crystals of the 
pentahydrate (Na;S;0;.5H;O). It reacts 
with dilute acids to give sulphur and 
sulphur dioxide. It is used in photo- 
graphy as ‘hypo’ and industrially as an 
antichlor. tIn volumetric analysis 
solutions of sodium thiosulphate are 
usually prepared from the pentahydrate. 
On heating it disproportionates to give 
sodium sulphate and sodium sulphide. 


soft soap A liquid soap made by saponi- 
fication with potassium hydroxide 
(rather than sodium hydroxide). 


soft water See hardness (of water). 


sol A colloid consisting of solid particles 
distributed in a liquid medium. A wide 
variety of sols are known; the colours 
often depend markedly on the particle 
size. The term aerosol is used for solid 
or liquid phases dispersed in a gaseous 
medium. See also colloid. 


solder An alloy used in joining metals, 
The molten solder alloys with (wets) the 
surfaces to be joined, without melting 
them, and solidifies on cooling to form a 
hard joint. The surfaces must be clean 
and free of oxide and a flux is often used 
to achieve this. Soft solders consist of 
lead with up to 60% tin and melt in the 
range 183-250°C. Soft-soldering is used, 
for example, in plumbing and making 
electrical contacts. + Brazing solders are 
copper-zinc alloys that have higher 
melting points and produce stronger 
joints than soft solders; silver can be 
added to produce silver solders, 


Solid The state of matter in which the 
particles occupy fixed positions, giving 
the substance a definite shape. The 
particles are held in these positions by 
bonds. > 
{Three kinds of attraction fix the 
positions of the particles: ionic, covalent, 
and intermolecular. Since these bonds 
act over short distances the particles in 
solids are packed closely together. The 
strengths of these three types of bonds 


are different and so, therefore, are the 
mechanical properties of different solids. 


solid solution 1A solid composed of two 
or more substances mixed together at 
the molecular level. Atoms, ions, or 
molecules of one component in the 
crystal are at lattice positions normally 
occupied by the other component. 
Certain alloys are solid solutions of one 
metal in another. Isomorphic salts can 
also sometimes form solid solutions, as 
in the case of crystalline alums. 


solubility The amount of one substance 
that could dissolve in another to form a 
saturated solution under specified condi- 
tions of temperature and pressure. 
Solubilites are stated as moles of solute 
per 100 grams of solvent, or as mass of 
solute per unit volume of solvent. 


solubility product Symbol: Ks țIf an 
ionic solid is in contact with its saturated 
solution, there is a dynamic equilibrium 
between solid and solution: 
AB(s) = A*(aq) + B*(aq) 

The equilibrium constant for this is 
given by 

[A* [B*V/[AB] 
The concentration of undissolved solid 
[AB] is also constant, so 

K, = [A* B*] 
K, is the solubility product of the salt 
(at a given temperature). For a salt 
A;B;, for instance: 

K, = [A+ {B+}, etc. 
Solubility products are meaningful only 
for sparingly soluble salts. If the product 
of ions exceeds the solubility product, 
precipitation occurs. 


solute A material that is dissolved in a 
solvent to form a solution. 


solution A liquid system of two or more 
species that are intimately- dispersed 
within each other at a molecular level. 
The system is therefore totally homo- 
geneous. The major component is called 
the solvent (generally liquid in the pure 
state) and the minor component is called 
the solute (gas, liquid, or solid). 
The process occurs because of a direct 
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intermolecular interaction of the solvent 
with the ions or molecules of the solute. 
This interaction is called solvation. Part 
of the energy of this interaction appears 
as a change in temperature on 
dissolution. See also solid solution, 
solubility. 


solvation The attraction of an ion in 
solutign for molecules of solvent. In 
water, for example, a positive ion will 
be surrounded by water molecules, 
which tend to associate around the ion 
because of attraction between the posi- 
tive charge of the ion, and the negative 
part of the polar water molecule. fThe 
A, his solvation (hydration in 
Corin; de water) is the ‘force’ over- 
nd dd a attraction between positive 
dissed ig ions when an ionic solid 
ion ere e attraction of the dissolved 
for EREN vent molecules may extend 
alien ral layers, In the case of tran- 
im eui elements, ions may also 
heared esos by coordination to the 
layer of molecules. 


Solvay process (ammonia soda process) 
industrial process for making sodium 
carbonate, The raw materials are 
calcium carbonate and sodium chloride 
(with ammonia). The calcium carbonate 
is heated: 
CaCO, — CaO + CO: 

Carbon dioxide is bubbled into a 
solution of sodium chloride saturated 
ied ammonia, precipitating sodium 
h ydrogencarbonate and leaving ammon- 
um chloride in solution. The sodium 
hydrogencarbonate is then heated: 
RCO; — Na,CO; + H;O + CO: 
Hs ammonia is regenérated by heating 
pin ammonium chloride with the 
INHI oxide: 
Ho 1 + CaO — CaCl, + 2NH; + 
parent A liquid capable of dissolving 
is rimari (solids, liquids, or gases) 

form a solution. The solvent is 
Lied the major component of the 


solvolysis tA reaction between a 
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spectrographic analysis 


compound and the solvent in which it is 
dissolved. See also hydrolysis. 


sorption Absorption of gases by solids. 


specific Denoting a physical quantity per 
unit mass. For example, volume ( V) per 
unit mass (m) is called specific volume: 
V= Vin 
In certain physical quantities the term 
does not have this meaning: for exam- 
ple, specific gravity is more properly 
called relative density. 


specific gravity See relative density. 


specific rotatory power Symbol: am 
The rotation of plane-polarized light in 
degrees produced by a 10 cm length of 
solution containing | g of a given 
substance per millilitre of stated solvent. 
The specific rotatory power is a measure 
of the optical activity of substances in 
solution. It is measured at 20°C using 
the D-line of sodium. 


spectral line A particular wavelength of 
light emitted or absorbed by an atom, 
ion, or molecule. See line spectrum. 


series A group of related lines 
in the absorption or emission spectrum 
of a substance. tThe lines in a spectral 
series occur when the transitions all 
occur between one particular energy 
level and a set of different levels. See 
also Bohr theory. 


graph An instrument for pro- 
ducing a photographic record of a 


spectrum. 


spectrographic analysis A method of 
analysis in which the sample is excited 
electrically (by an arc or spark) and 
emits radiation. characteristic of its 
component atoms. This radiation is 
through a slit, dispersed by a 

prism or a grating, and recorded as a 
trum, either photographically or. 
photoelectrically. The photographic 
method, was widely used for qualitative 
and semiquantitative work but pho- 


spectrometer 


toelectric detection also allows wide 
quantitative application. 


spectrometer 1. An instrument for 
examining the different wavelengths 
Present in electromagnetic radiation. 
Typically, spectrometers have a source 
of radiation, which is collimated by a 
system of lenses and/or slits. The 
radiation is dispersed by a prism or 
grating, and recorded photographically 
or by a photocell. There are many types 
for producing and investigating spectra 
over the whole range of the electromag- 
netic spectrum. Often spectrometers are 
called spectroscopes, 
2. Any of various other instruments for 
analysing the energies, masses, etc., of 
Particles, See mass Spectrometer. 


Spectrophotometer +A form of spectro- 
meter able to measure the intensity of 
radiation at different wavelengths in a 
Spectrum, usually in the visible, infrared, 
or ultraviolet regions. 


Spectroscope An instrument for examin- 
ing the different wavelengths present in 


electromagnetic radiation. See also spec- 
trometer, 


Spectroscopy 1. The Production and 
analysis of spectra. There are many 
Spectroscopic techniques designed for 
investigating the electromagnetic radia- 
tion emitted or absorbed by substances. 
Spectroscopy, in various forms, is used 
for analysis of mixtures, for identifying 
and determining the structures of chemi- 
cal compounds, and for investigating 
energy levels in atoms, ions, and mole- 
cules. In the visible and longer 
wavelength ultraviolet, transitions corre- 
spond to electronic energy levels in 
atoms and molecules. The shorter 
wavelength ultraviolet corresponds to 
transitions in ions. In the X-ray region, 
transitions in the inner shells of atoms. 
or ions are involved. The infrared region 
corresponds to vibrational changes in 
molecules, with rotational changes at 
longer wavelengths. 

2. Any of various techniques for analy- 
sing the energy spectra of beams of 


particles or for determining mass spec- 
tra. 


spectrum (plural spectra) 1. A range of 
electromagnetic radiation emitted or 
absorbed by a substance under parti- 
cular circumstances. In an emission 
spectrum, light or other radiation 
emitted by the body is analysed to 
determine the particular wavelengths 
Produced. The emission of radiation 
may be induced by a variety of methods; 
for example, by high temperature, 
bombardment by electrons, absorption 
of higher-frequency radiation, etc. In an 
absorption spectrum a continuous flow 
of radiation is passed through the 
sample. The radiation is then analysed 
to determine which wavelengths are 
absorbed. See also band spectrum, 
continuous spectrum, line spectrum. 
2. In general, any distribution of a 
Property. For instance, a beam of parti- 
cles may have a spectrum of energies. A 
beam of ions may have a mass spectrum 
{the distribution of masses of ions). 
+See mass spectrometer. 


Speltar tCommercial zinc containing 
about 3% impurities, mainly lead. 


spin +A property of certain elementary 
Particles whereby the particle acts as if 
it were spinning on an axis; i.e. it has an 
angular momentum. Such Particles also 
have a magnetic moment, In a magnetic 
field the spins line up at an angle to the 
field direction and precess around this 
direction. Certain definite orientations 
to the field direction occur such that 
m,h/2z is the component of angular 
momentum along this direction. m, is 
the spin quantum number. For an 
electron it has values + 1/2 and -V2. 


Square-planar +See complex. 


stabilization energy tThe difference in 
energy between the delocalized struc- 
ture and the conventional structure for a 
compound. For example, the stabiliza- 
tion energy of benzene is 150 kJ per 
mole, which represents the difference in 
energy between a Kekulé structure and 
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the delocalized structure: the delocalized 
form being of lower energy is therefore 
more stable. 

The stabilization energy can be deter- 
mined by comparing the experimental 
value for the heat of hydrogenation of 
benzene with that calculated for Kekulé 
benzene from bond-energy data. 


Stabilizer A substance added to prevent 
chemical change (ie. a negative 
catalyst). 


Staggered conformation +See confor- 
mation. 


stainless steel See steel. 


stalactites and stalagmites Pillars of 
om carbonate found hanging from 
e ceiling (stalactites) and standing on 
the floor (stalagmites) in limestone 
caverns. They form when water contain- 
ing dissolved carbon dioxide forms weak 
carbonic acid, which is able to react 
with limestone rock (calcium carbonate) 
to give a solution of calcium hydrogen- 
carbonate. The solution accumulates in 
drops on the roof of caves and as it 
evaporates, the reaction is reversed 
causing calcium carbonate to be 
deposited. Over a very long period, the 
deposits build up to give a stalactite 
hanging from the cavern roof. Water 
that drips onto the floor from the tip of 
the Stalactite also evaporates to leave a 
deposit of calcium carbonate. This 
gradually grows to form a stalagmite. 
Stalagmites and stalactites can even- 
tually meet to form a single rock pillar. 


Standard cell A voltaic cell whose e.m.f. 
is used as a standard. See Clark cell, 
Weston cadmium cell. 


Standard electrode +A half cell used for 
measuring electrode potentials. The 
hydrogen electrode is the basic standard 
but, in practice, calomel electrodes are 
usually used. 


Standard pressure An internationally 
agreed value; a barometric height of 760 


starch 


mmHg at 0°C; 101325 Pa (approxi- 
mately 100 kPa). 

This is sometimes called the atmosphere 
(used as a unit of pressure). The bar, 
used mainly when discussing the 
weather, is 100 kPa exactly. ^ 


standard solution A solution that 
contains a known weight of the reagent 
in a definite volume of solution. A 
standard flask or volumetric flask is 
used for this purpose. The solutions 
may be prepared by direct weighing for 
primary standards. If the reagent is not 
available in a pure form or is deli- 
quescent the solution must be stan- 
dardized by titration against another 
known standard solution. See primary 
standard. 


standard temperature An internation- 

ally agreed value for which many 
measurements are quoted. It is the 
melting temperature of water, PC 
(273.15 K). See also STP. 


stannane (tin(IV) hydride, SnHi) A 
colourless poisonous gas prel by 
the action of lithium aluminium hydride 
on tin(Il) chloride. It is unstable, 
decomposing immediately at 150°C. 
Stannane acts as a reducing agent. 


Stannic compounds Compounds of 
tin(IV). 


stannous compounds Compounds of 
tin( II). 


starch A polysaccharide that occurs 
exclusively in plants. Starches are 
extracted: commercially from maize, 
wheat, barley, rice, potatoes, and 
sorghum. The starches are storage reser- 
voirs for plants; they can be broken 
down by enzymes to simple sugars and 
then metabolized to supply energy needs. 
Starch is a dietary component of 
animals. 
Starch is not a single molecule but a 
mixture of amylose (water-soluble, blue 
colour with iodine) and amylopectin 
(not water-soluble, violet colour with 


states of matter 


iodine). The composition is amylose 
10-20%, amylopectin 80-90%. 


states of matter The three physical 
conditions in which substances occur: 
solid, liquid, and gas. The addition or 
removal of energy (usually in the form 
of heat) enables one state to be conver- 
ted into another. 
The major distinctions between the 
states of matter depends on the kinetic 
energies of their particles and the 
distances between them. In solids, the 
particles have low kinetic energy and 
are closely packed; in gases they have 
high kinetic energy and are very loosely 
packed; kinetic energy and separation of 
Particles in liquids are intermediate. 
Solids have fixed shapes and volumes - - 
ie. they do uot flow, like liquids and 
Bases, and they are difficult to compress. 
In solids the atoms or molecules occupy 
fixed positions in space. In most cases 
there is a regular pattern of atoms — the 
solid is crystalline. 
Liquids have fixed volumes (ie. low 
compressibility) but flow to take up the 
shape of the container. The atoms or 
molecules move about at random, but 
they are quite close to one another and 
the motion is hindered, 
Gases have no fixed shape or volume. 
They expand spontaneously to fill the 
container and are easily compressed. 
The molecules have almost free random 
motion, 
tA plasma is someumes considered to 
be a fourth state of matter, 


Steam distillation +A method of 
isolating or purifying substances by 
exploiting Dalton's law of Partial pres- 
sures to lower the boiling point of the 
mixture. When two immiscible liquids 
are distilled, the boiling point will be 
lower than that of the more volatile 
component and consequently will be 
below 100°C if one component is water. 
The method is particularly useful for 
recovering materials from tarry mix- 
tures. 


steam reforming +The conversion of a 
methane-steam mixture at 900°C with a 


nickel catalyst into a mixture of carbon 
monoxide and hydrogen. The mixture of 
gases (synthesis gas) provides a starting 
material in a number of processes, e.g. 
the manufacture of methanol. 


steel An alloy of iron with small amounts 
of carbon and, often, other metals. 
Carbon steels contain 0.05-1.5% carbon 
— the more carbon, the harder the steel. 
Alloy steels also contain small amounts 
of other elements, such as chromium, 
manganese, and vanadium. Their pro- 
Perties depend on the composition. 
Stainless steels, for instance, are resistant 
to corrosion, The main constituent is 


chromium (10-25%) with up to 0.7% 
carbon. 


step An elementary stage in a chemical 
reaction, in which energy may be 
transferred from one molecule to 
another, bonds may be broken or 
formed, or electrons may be transferred. 
For example, in the reaction between 
hypochlorite ions and iodide ions in 
aqueous solution there are three steps: 
Step 1 

OCl(aq) + HjO(1) 5 HOCKaq) + 
OH-(aq) 

Step 2 

l(aq) + HOCl(ag + HOl(aqg) + 
Cl-(aq) 

Step 3 

OH (aq) + HOl(aq) > HiO(l) + 
Ol-(aq) 


steradian Symbol: sr The SI unit of 
solid angle. The surface of a sphere, for 
example, subtends a solid angle pf 47 at 
its centre. The solid angle of a cone is 
the area intercepted by the cone on the 
surface of a sphere of unit radius. 


Stearate 1A salt or ester of stearic acid. 

Stearic acid See octadecanoic acid. 

stereochemistry The branch of chemis- 
try concerned with the shapes of mole- 
cules and the way these affect the 
chemical properties. 


Stereoisomerism See isomerism. 
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strontium 


Steam distillation 


sere effect +An effect in which the 
E pe of a molecule influences its 
reactions. A particular example occurs 
in molecules containing large groups, 
which hinder the approach of a reactant 
(steric hindrance). 


Steric hindrance +See steric effect. 
still An apparatus for distillation. 


Stoichiometry The proportions in which 
elements form compounds. A stoichio- 
metric compound is one in which the 
atoms have combined in small whole 
numbers, 


Storage battery See accumulator. 


STP (NTP) Standard temperature and 
Pressure. Conditions used internation- 
ally when measuring quantities that 
vary with both pressure and temperature 
(such as the density of a gas) The 
valuas are 101325 Pa (approximately 

kPa) and ("C (273.15 K). See also 
standard pressure, standard temperature. 


straight chain See chain. 


Strecker synthesis +A method of 
synthesizing amino acids. Hydrogen 
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cyanide forms an addition product 
(cyanohydrin) with aldehydes: 

RCHO + HCN — RCH(CN)OH 
With ammonia further substitution 
occurs: 
RCH(CN)OH + NH, > 
RCH(CN)(NH;) + H20 
Acid hydrolysis of the cyanide group 
then produces the amino acid 

RCH(CN)(NH:) + 
RCH(COOH)(NH;) 
The method is a general synthesis for 
a-amino acids (having the -NH; and 
-COOH groups on the same carbon 
atom). 


strontia See stróntium oxide. 


strontium A soft low-melting reactive 
metal; the fourth member of group II of 
the periodic table and classed as a typi- 
cal alkaline-earth element. The elec- 
tronic configuration is that of krypton 
with two additional outer 5s electrons. 
Strontium and barium are both of low 
abundance in the Earth's crust, stron- 
tium occurring as strontianite (SrCO;) 
and celestine (SrSO.). 
+The element is produced industrially 
by roasting the carbonate to give the 
oxide (800°C) and then reducing with 


aluminium, 


strontium bicarbonate 


3SrO + 2Al > AlO, + 2Sr 
Strontium has a low ionization poten- 
tial, is large, and is therefore very 
electropositive. The chemistry of stron- 
tium metal is therefore characterized by 
high reactivity of the metal. The proper- 
ties of strontium fall into sequence with 
other alkaline earths; viz it reacts 
directly with oxygen, nitrogen, sulphur, 
the halogens, and hydrogen to form 
respectively the oxide SrO, nitride Sr;N;, 
sulphide SrS, halides SrX;, and hydride 
SrH, all of which are largely ionic in 
character. The oxide SrO and the metal 
react readily with water to form the 
hydroxide Sr(OH); which is basic and 
mid-way between Ca(OH), and 
Ba(OH), in solubility. The carbonate 
and sulphate are both insoluble. 
As the metal is very electropositive the 
salts are never much hydrolysed in 
solution and the ions are largely solvated 
as [Sr(H,0),}?*. 
Symbol: Sr; m.p. 800°C; b.p. 1366°C; 
r.d. 2.6; p.n. 38; r.a.m. 87.62. 


Strontium bicarbonate See strontium 
hydrogencarbonate. 


Strontium carbonate (SrCO;) A white 
insoluble solid that occurs naturally as 
the mineral strontianite. It can be 
Prepared by passing carbon dioxide over 
strontium oxide or hydroxide or by 
Passing the gas through a solution of a 
strontium salt. Strontium carbonate is 
then formed as a Precipitate. It is used 
as a slagging agent in certain metal 
furnaces and to produce a red flame in 
fireworks. 


strontium chloride (SrCl;) A white solid 
obtained directly from strontium and 
chlorine or by passing chlorine over 
heated strontium oxide. It is used in 
fireworks to give a red flame. The 
hexahydrate (SrCl.6H;O) is prepared 
by the neutralization of hydrochloric 
acid by strontium hydroxide or carbon- 
ate. t 
strontium hydrogencarbonate (stron- 
tium bicarbonate, Sr(HCO;);) A com- 
pound present in solutions formed by 


the action of carbon dioxide on a 

suspension in cold water of strontium 

carbonate, to which it reverts on heating: 
SrCO; + CO; + H;O = Sr(HCO)); 


strontium hydroxide (Sr(OH);) A solid 
that normally occurs as the octahydrate 
(Sr(OH);..8H;O), which is prepared by 
crystallizing an aqueous solution of 
strontium oxide. Strontium hydroxide is 
readily soluble in water and aqueous 
solutions are strongly basic. It is used in 
the purification of sugar. 


strontium oxide (strontia, SrO) A grey- 
ish-white powder prepared by the 
decomposition of strontium carbonate, 
hydroxide, or nitrate. Strontium oxide is 
soluble in water, forming an alkaline 
solution due to the attraction between 


the oxide ions and protons from the 
water: 


O* + H,0 2 20H- 


strontium sulphate (SrSO,) A white 
sparingly soluble salt that occurs 
naturally as the mineral celestine. It can 
be prepared by dissolving strontium 
Oxide, hydroxide, or carbonate in 
sulphuric acid. It is used as a substitute 
for barium sulphate in paints. 


structural formula The formula of a 
compound showing the numbers and 
types of atoms present, together with 
the way in which these are arranged in 
the molecule. Often this can be done by 
grouping the atoms, as in the structural 
formula of ethanoic acid CHj.CO.OH. 
Compare empirical formula, molecular 
formula. 


structural isomerism See isomerism. 
Styrene Sec phenylethene. 
sublimate A solid formed by sublimation. 


sublimation The conversion of a solid 
into a vapour without the solid first 
melting. For instance (at standard pres- 
Sure) iodine, solid carbon dioxide, and 
ammonium chloride sublime. 
TAt certain conditions of external pres- 
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Sure and temperature an equilibrium 
can be established between the solid 
Phase and vapour phase. 


Sub-shell A subdivision of an electron 
shell. 1t is a division of the orbitals that 
make up a shell into sets of orbitals, 
which are degenerate (i.e. have the same 
energy) in the free atom. For example, 
in the third shell or M-shell there are 
the 3s, 3p, and 3d sub-shells of which 
the latter two are 3- and 5-degenerate 
respectively, 


substituent An atom or group substituted 
(d in a compound. Often the 
Feu is used for groups that have 
ie laced hydrogen; for example, in 
nzene derivatives, 


Substitution reaction A reaction in 
Which an atom or group of atoms in an 
organic molecule is replaced by another 
atom or group. The substitution of a 
hydrogen atom in an alkane by a 
chlorine atom is an example, 
TSubstitution reactions fall into three 
major classes depending upon the nature 
Of the attacking substituent. 
Nucleophilic substitution: the attacking 
substituent is a nucleophile, Such reac- 
tions are very common with alcohols 
and halogen compounds, in which the 
clectron-deficient carbon atom attracts 
the nucleophile and the leaving group 
readily exists alone. Examples are the 
hydrolysis of a haloalkane and the 
chlorination of an alcohol. 

C;H;CI + OH: > C;H;OH + Cl- 

CiH;OH + HCI > GH;Cl + H;O 
Electrophilic substitution: the attacking 
Substituent is an electrophile. Such 
Teactions are common in aromatic 
compounds, in which the electron-rich 
Ting attracts the electrophile. The nitra- 
lion of benzene in which the electro- 
Phile is NO;* is an example: 

CH: + NO;* > C,H;NO; + H* 
Free-radical substitution: a free radical 
is the attacking substituent. Such reac- 
lions can be used with compounds that 
are inert to either nucleophiles or 
Clectrophiles, for instance the halo- 
&enation of an alkane: 


sugar 


n: SE een ee E 

lerm ‘substitution’ is vi eral 
and several reactions GNIS be 
considered as substitutions are more 
normally given special names (e.g. 

esterification, hydrolysis, and nitration), 

See also clectrophilic substitution, 

nucleophilic substitution. E 


succinic acid See butanedioic acid. 


sucrose (cane sugar, CuH:;O1) A sugar 
that occurs in many plants. It is extracted 
commercially from sugar cane and sugar 
beet. fSucrose is a disaccharide formed 
from a glucose unit and a fructose unit. 
It is hydrolysed to a mixture of fructose 
and glucose by the enzyme invertase. 
Since this mixture has a different optical 
rotation (laevorotatory) than the ori- 
ginal sucrose, the mixture is called invert 


sugar. 


sugar (saccharide) One of a class of 
sweet-tasting simple carbohydrates. 
Sugars have molecules consisting of a 
chain of carbon atoms with -OH groups 
attached, and either an aldehyde or 
ketone group. They can exist in a chain 
form or in a ring formed by reaction of 
the ketone or aldehyde group with an 
OH group. Monosaccharides are simple 
sugars that cannot be hydrolysed to 
sugars with fewer carbon atoms. Two or 
more monosaccharide units can be 
linked in disaccharides, trisaccharides, 
etc. 
+Monosaccharides are also classified 
according to the number of carbon 
atoms: a pentose has five carbon atoms 
and a hexose six. Monosaccharides with 
aldehyde groups are aldoses; those with 
ketone groups are ketoses. Thus, an 
aldohexose is a hexose with an aldehyde 
group; a ketopentose is a pentose with a 
ketone group, etc. 
The ring forms of monosaccharides are 
derived by reaction of the aldehyde or 
ketone group with one of the carbons ai 
the other end of the chain. It is possible 
to have a six-membered (pyrancse) ring 
or a five-membered (furanose) ring. 
See also carbohydrate, polysaccharide, 
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OH 
HO 


HOCH 


HOCH 


OH 


sulpha drugs +See sulphonamide. 


sulphate A salt or ester of sulphuric( V1) 
acid. 


sulphide 1. A compound of sulphur with 
a more electropositive element. Simple 
sulphides contain the ion S?-. Poly- 
sulphides can also be formed containing 
ions with chains of sulphur atoms (S,?-). 
2. See thio ether. 


sulphite A salt or ester of sulphurous 
acid. 


glucose - a pyranose ring 


fructose - in a furanose ring form 


ribose - a pyranose ring 


Examples of monosaccharides 


sulphonamide +A type of organic 
compound with the general formula - 
R.SO,.NH). Sulphonamides, which are 
amides of sulphonic acids, are active 
against bacteria, and some are used in 
pharmaceuticals ('sulpha drugs’). 


sulphonation +A reaction introducing 
the -SO,0H (sulphonic acid) group 
into an organic compound. Sulphona- 
tion of aromatic compounds is usually 
accomplished by refluxing with concen- 
trated sulphuric acid for several hours. 
The attacking species is SO; (sul- 
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sulphur 


a-D-glucose 


B-D-glucose 


Glucose 


CHOH 


HAY H HOCH, Ù H ride 
d es 2 haad Sucrose - a disaccharide 
O: CH20H 
OH OH H 


H 


[o] 


S ——OH 


Sulphonic Acid 


hu ide 
E D: paide) and the reaction is an 
electrophilic substitution. 


Phonie acid fA type of organic 
Ru iad Containing the -SO;.OH 
ae d € simplest example is ben- 
EUR onic acid (C,H.SO;OH). Sul- 
Philic Bea do e UE 
Pu stitution can introduce other 
a the benzene ring; the 
ds quer um directs substituents into 


sul 
phur A low melting non-metallic solid, 
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yellow coloured in its common forms; 
the second member of group VI of the 
periodic table. It has the electronic 
configuration [Ne]3s?3p*. 

Sulphur occurs in the elemental form in 
Sicily and some southern states of the 
USA, and in large quantities in 
combined forms such as sulphide ores 
(FeS;) and sulphate rocks (CaSO,). It 
forms about 0.5% of the Earth's crust. 
Elemental sulphur is extracted commer- 
cially by the Frasch process in which 
super-heated steam is forced down the 
outer of three concentric tubes leading 
into the deposit. This causes the sulphur 
to melt; then air is blown down the 
central tube causing molten sulphur to 
be forced out of the well to be collected 
and cooled at the well head. The large 
amount of sulphur obtained from smel- 
ting of sulphide ores or roasting of 
sulphates is not obtained as elemental 
sulphur but is used directly as SO;/SO; 
for conversion to sulphuric acid (contact 


process). 


sulphur dichloride dioxide 


{Sulphur exhibits allotropy and its 
structure in all phases is quite complex. 
The common crystalline modification, 
rhombic sulphur, is in equilibrium with 
a triclinic modification above 96°C. Both 
have structures based on S;-rings but the 
crystals are quite different. If molten 
sulphur is poured into water a dark red 
‘plastic’ form is obtained in a semi- 
elastic form. The structure appears to be 
a helical chain of S atoms. Selenium and 
tellurium both have a grey ‘metal-like’ 
modification but sulphur does not have 
this form. 3 
Sulphur reacts directly with hydrogen 
but the position of the equilibrium at 
normal temperatures precludes its use as 
& preparative method for hydrogen 
sulphide. The element burns readily in 
oxygen with a characteristic blue flame 
to form sulphur dioxide (SO;) and traces 
of sulphur trioxide (SO). Sulphur also 
forms a large number of oxy-acid 
species, some containing peroxy-groups 
and some with two or more S-atoms. It 
forms four distinct fluorides, $:F;, SFe, 
SFe, S;Fy; three chlorides, S:Ch, SCh, 
SCL; a bromide S,Br, but no iodide. 
Apart from SFe which is surprisingly 
stable and inert, the halides are generally 
susceptible to hydrolysis to give 
commonly SO;, sometimes H;S, and the 
hydrogen halide. The halides SF,, S;CI;, 
and SCI; are frequently used as selective 
fluorinating agents and chlorinating 
agents in organic chemistry. The 
chlorides are also industrially important 
for hardening rubbers, Sulphur hex- 
afluoride may be prepared by direct 
reaction of the elements but SF, is 
prepared by fluorinating SCl; with NaF. 
In a limited supply of chlorine, sulphur 
combines to give sulphur monochloride, 
SiCh; in excess chlorine at higher 
temperatures the dichloride is formed, 
2S + Ch > S,Cl, 
$.Ch + Cl > 2SCl 

In addition to these binary halides, 
sulphur forms two groups of oxyhalides; 
the thionyl halides, SOX, (F, Cl, and 
Br, but not I), and the sulphuryl halides 
SO;X; (F and Cl, but not Br and I). 
Most metals react with sulphur to form 
sulphides of which there are a large 


number of structural types. With electro- 
Positive elements of group I and II the 
sulphides are largely ionic (S%) in the 
solid phase. Hydrolysis occurs in 
solution thus; 

S% + H:0 > SH- + OH: 
Most transistion metals form sulphides, 
which although formally treated as FeS, 
CoS, NiS, etc., are largely covalent and 
frequently non-stoichiometric. 
In addition to the complexities of the 
binary compounds with metals, suiphur 
forms a range of binary compounds 
with elements such as Si, As, and P, 
which may be polymeric and generally 
of rather complex structure, e.g. (SiS4)m 
(SbS))m NuSe, AsySu, Py. 
Sulphur also forms a wide range of 
organic sulphur compounds, most of 
which have the typically revolting smell 
of HiS. 
Symbol: S; m.p. 118.9"C; b.p. 444,6°C; 
r.d. 2.07; p.n. 16; r.a.m. 32.06. 


sulphur dichloride dioxide (sulphury! 
chloride, SO;Cl;) fA colourless fuming 
liquid formed by the reaction of chlorine 
with sulphur(IV) oxide in sunlight. It is 
used as a chlorinating agent. 


Sulphur dichloride oxide (thionyl 
chloride, SOCI) tA colourless fuming 
liquid formed by passing sulphur(IV) 
oxide over phosphorus(V) chloride and 
distilling the mixture obtained. Sulphur 
dichloride oxide is used in organic 
chemistry to introduce chlorine atoms 
(for example, into ethanol to form 
monochloroethane), the organic product 
being easily isolated as the other 
Products are gases, 


sulphuretted hydrogen See hydrogen 
sulphide. 


sulphuric(IV) acid See sulphurous acid. 


sulphuric(VI) acid (H;SO) A colour- 
less oily liquid manufactured by the 
contact process. The pure acid is diluted 
by adding it slowly to water, with care- 
ful stirring. Concentrated sulphuric acid 
acts as an oxidizing agent, giving 
sulphur(IV) oxide as the main product, 
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and also as a dehydrating agent. The 
diluted acid acts as a strong dibasic acid, 
neutralizing bases and reacting with 
active metals and carbonates to form 
sulphates. 

Sulphuric acid is used in the laboratory 
to dry gases (except ammonia), to 
Prepare nitric acid and ethene, and to 
absorb alkenes. In industry, it is used to 
manufacture fertilizers (e.g. ammonium 
sulphate), rayon, and detergents, to clean 
metals, and in car batteries. See contact 
Process. 


Sulphur monochloride +See disuiphur 
dichloride. 


sulphurous acid (sulphuric(IV) acid, 
H2SO;) A weak acid found only in 
solution, made by passing sulphur(IV) 
Oxide into water. The solution is 
unstable and smells of sulphur(IV) 
oxide. It is a reducing agent, converting 
iron(II) ions to iron(II) ions, chlorine 
to chloride ions, and orange dichro- 
ae) ions to green chromium(III) 


sulphur(VI) oxide (sulphur trioxide, 
c A fuming volatile white solid 
icis] by passing sulphur(IV) oxide 
Oxygen over hot vanadium(V) oxide 
(acting as a catalyst) and cooling the 
Product in ice, Sulphur( VI) oxide reacts 
vigorously with water to form sulphuric 
acid. See also contact process. 


Sulphur trioxide See sulphur(VI) oxide. 


Sulphuryl chlori ich- 
loride dioxide. ride +See sulphur dich 


Supercooling The cooling of a liquid at 
2 Eiven pressure to a temperature below 
i Smelting temperature at that pressure 
A ‘out solidifying it. The liquid parti- 
cles lose en but do not spon- 
taneously fall into the regular geometri- 
fal pattern of the solid. fA supercooled 
iquid is in a metastable state and will 
usually solidify if a small crystal of the 
solid is introduced to act as a ‘seed’ for 
the formation of crystals. As soon as 
this happens, the temperature returns to 


synthesis gas 


the melting temperature until the 
substance has completely solidified. 


superfluidity A property of liquid helium 
at very low temperatures. At 2.186 K 
liquid helium makes a transition to a 
superfluid state, which has a high ther- 
mal conductivity and flows without 
friction. See also helium. 


superheating The raising of a liquid's ` 
temperature above its boiling tempera- 
ture, by increasing the pressure. 


supernatant Denoting a clear liquid that 
lies above a sediment or a precipitate. 


superoxide An_ inorganic compound 
containing the Oy ion. 


superphosphate fA mixture — mainly 
calcium hydrogenphosphate and calcium 
sulphate — used as a fertilizer. It is 
made from calcium phosphate and 
sulphuric acid. 


supersaturated solution See saturated 
solution. 


supersaturated vapour See saturated 
vapour. 

supplementary units The dimensionless 
PFs the radian and the steradian — 
used along with base units to form 
derived units. See also SI units. 


surfactant A substance that lowers 
surface tension, e.g. à Soap OT other 
detergent. 

suspension A system in which small 
particles of a solid or liquid are disper- 
scd in a liquid or gas. 

js The preparation of chemical 

compounds from simpler compounds. 


thesis gas tA mixture of carbon 
SY onoxide and hydrogen produced by 
steam reforming of natural gas. 
CH, + H;0 2 CO + 3H; z 
Synthesis gas is a useful starting material ‘ 


Systéme International d'Unités 


for the manufacture of a number of 
organic compounds. 


. Système Internationgl d'Unités See SI 
units, 


tantalum A transition element. It is 
strong, highly resistant to Corrosion, and 
is easly worked. Tantalum is used in 
turbine blades and in surgical and dental 
work. 
Symbol: Ta; m.p. 3000°C; b.p. 5400°C; 
T.d. 16.6; p.n. 73; r.a.m. 180.95, 


tartaric acid +A crystalline hydroxy 
carboxylic acid with the formula: 
HOOC(CHOH),;COOH 

Its systematic name is 2,3-dihydroxy- 

"butanedioic acid. also optical 

activity, 


tartrate +A salt or ester of tartaric acid. 


tautomerism }Isomerism in which each 
isomer can convert into the other, so 


téchnetium A transition metal produced 
artificially by bombarding molybdenum 
with neutrons and also during the fission 
of uranium. It is radioactive, 
Symbol: Tc; m.p. 2130°C; bp. 4620°C; 
r.d. 11.5; p.n. 43; r.a.m. 97. 


tellurium A brittle silvery metalloid 
element belonging to group VI of the 
periodic table, It is found native and in 
combination with metals. Tellurium is 
used mainly as an additive to improve 
the qualities of stainless steel and various 
metals. 


Symbol: Te; m.p. 449.5°C; b.p. 989.8°C; 
r.d. 6.24; p.n. 52; r.a.m. 127.6. 


temperature scale A practical scale for 
measuring temperature. A temperature 
Scale is determined by fixed temperatures 
(fixed points), which are reproducible 
systems assigned an agreed temperature. 
On the Celsius scale the two fixed points 
are the temperature of pure melting ice 
(the ice temperature) and the tempera- 
ture of pure boiling water (the steam 
temperature). The difference between 
fixed points is the fundamental 
interval of the scale, which is subdivided 
into temperature units, The Interna- 
tional Temperature Scale has 11 fixed 
points covering the range 13.81 kelvin to 
1337.58 kelvin. 


temporary hardness A type of water 
hardness caused by the presence of 
dissolved calcium, iron, and magnesium 
hydrogencarbonates, This form of hard- 
ness can be removed by boiling the 
water. Temporary hardness arises 
because rainwater combines with carbon 
dioxide from the atmosphere to form 
Weak carbonic acid. This reacts with 
carbonate rocks, such as limestone, to 
produce calcium hydrogencarbonate, 
Which then goes into solution. When 
this solution is heated, the complete 
reaction sequence is reversed so that 
calcium carbonate is precipitated. If this 
is not removed, it will accumulate. in 
boilers and hot water pipes and reduce 
their. efficiency, Compare permanent 
hardness. Sec also water softening. 


tera- Symbol: T A prefix denoting 105 
For example, 1 terawatt (TW) = 10! 
watts (W). 


terbium A soft ductile malleable silvery 
element of the lanthanoid series of 
metals. It occurs in association with 
other lanthanoids. One of its few uses is 
as a dopant in solid-state devices. 
Symbol: Tb; m.p. 1356°C; b.p. 3123°C; 
r.d. 8.23; p.n. 65; r.a.m. 158,93. 


ternary compound A chemical com- 
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Pound formed from three elements; 
NaSO; or LiAIH,. F nie 


terpene fAny of a class 
of natural 
unsaturated hydrocarbons with formulae 
(C:H;),, found in plants. 


tervalent (trivalent) Having a valence of 


tesla Symbol: T +The SI uni i 
vol: unit of magnetic 
Mis es jequal to a flux density of 
r of magneti 
metre. | T = wear ae 


tetrachloromethane Carbon. tetrach- 
loride. Note that ‘tetrachloromethane’ is 
the systematic name, and is preferred in 
Organic chemistry. 


tetraethyl lead Sec lead tetraethyl. 
tetragonal crystal See crystal system. 


{etcahedral compound A compound 
ne as methane, in which an atom has 
ac En directed towards the corners 

ar tetrahedron, {The angles 
betwee: i 
a eae in such a compound 


tet : 
SraRideale A crystalline hydrated 
water of È ime iei 
con lization per molecule of 


t 
allum A soft malleable greyish metallic 
Ba belonging to group III of the 
dei table. It is found in lead and 
ium ores, including pyrites (FeS2). 
reall is highly Ead nM 
TER, as a rodent and insect poison. 
Photos ed ato Dr ou 
i : 
ding 5 infrared detectors, and low 
Symbol: Tl; m.p. 303.5°C; b.p. 1457°C; 
*d. 11.85; p.n. 81; r.a.m. 204.37. 


thermite (thermit) A mixture of alumin- 

igni br gaer and iron(III) oxide. When 

em x oxide is reduced; the reaction 

is ey exothermic and molten iron 
2Al + Fe;0; —> ALO; + 2Fe 


thermodynamic temperature 


Thermite is used in incendiary bombs 
and for welding steel. tSee also Gold- 
schmidt process. 


thermochemistry The branch of chemis- 
try concerned with heats of reaction, 
solvation, etc. 


thermodynamics The study of heat and . 
other forms of energy and the various, 
related changes in physical quantities 
such as temperature, pressure, density, 


etc. 
The first law of thermodynamics states 
that the total energy in a closed system 
is conserved (constant). In all processes 
energy is simply converted from one 
form to another, or transferred from one 
system to another. " 
YA. mathematical statement of the first 
law is: 

&Q = 8U + SW 
Here, 8Q is the heat transferred to the 
system, 8U the change in internal energy 
(resulting in a rise or fall of tempera- 
ture), and ôW is the external work done 
by the system. 
The second law of thermodynamics can 
be stated in a number of ways, all of 
which are equivalent. One is that heat 
cannot pass from a cooler to a hotter 
body without some other process 
occurring. is the statement that 
heat cannot be totally converted into 
mechanical work — ie. a heat engine 
cannot be 1005 efficient. 
The third law of ics states 
that the entropy of a substance tends to 
zero as its thermodynamic temperature 
approaches zero. 
Often a zeroth law of thermodynamics 
is given: that if two bodies are each in 
thermal equilibrium with a third body, 
then they are in thermal equilibrium 


cycle, entropy- 


thermodynamic temperature Symbol: 
T A temperature measured in kelvins. 
The size of the kelvin is the same as that 
-of the degree Celsius, and temperatures 
on the Celsius scale can be converted to 
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thin-layer chromatography 


thermodynamic temperatures by adding 
273,15. 


thin-layer chromatography A tech- 
nique widely used for the analysis of 
mixtures. Thin-layer chromatography 
employs a solid stationary phase, such 
2s alumina or silica gel, spread evenly as 
a thin layer on a glass plate. A base line 
is carefully scratched near the bottom of 
the plate using a needle, and a small 
sample of the mixture is Spotted onto 
the base line using a capillary tube, The 
plate is then stood upright in solvent, 
which rises up to the base line and 
beyond by capillary action, The 
components of the spot of the sample 
will dissolve in the solvent and tend to 
be carried up the plate. However, some 
of the components will cling more 
Teadily to the solid phase than others 
and will not move up the plate so 
rapidly. In this way, different fractions 
of the mixture eventually become 
Separated. When the solvent has almost 
Teached the top, the plate is Temoved 
and quickly dried. The Plate is developed 
to locate the positions of colourless 
ions by Spraying with a suitable 
chemical or by exposure to ultraviolet 
radiation. The components are identi- 
fied by comparing the distance they 
have travelled up the plate with stan- 


thio alcohol (mercaptan) tA compound 
of the type RSH, similar to an alcohol 


with the oxygen atom Teplaced by 
sulphur. 


thio ether An organic sulphide; a 
compound of the type RSR’, 


thiosulphate A salt containing the ion 
$057. 


thionyl chloride +See sulphur dichloride 
oxide. 


thixotropy The change of viscosity with 
time. Fluids that suffer a change in 
viscosity on standing are said to be 


thixotropic. Examples include mayon- 
naise and paint. 


thorium A toxic radioactive element of 
the actinoid series that is a soft ductile 
silvery metal. It has several long-lived 
radioisotopes found in a variety of 
minerals including monazite. Thorium 
is used in magnesium alloys, in the 
electronics industry, and is a potential 
nuclear fuel. 
Symbol: Th; m.p. 1750°C; b.p. 4750°C 
(approx.); r.d. 11.72; p.n. 90; r.a.m. 
232.04. 


threonine +See amino acids, 


thulium A soft malleable ductile silvery 
element of the lanthanoid series of 
metals. It occurs in association with 
other lanthanoids, 
Symbol: Tm; m.p. 1545°C; b.p. 1947*C; 
r.d. 931; p.n. 69; r.a.m. 168.93. 


tin A white lustrous metal of low-melting 
point; the fourth member of group IV of 
the periodic table, Tin itself is the first 
distinctly metallic element of the. group 
even though it retains some amphoteric 
Properties. Its electronic structure has 
Outer sp? electrons ([Kr]4d!9535p?). 
The element is of low abundance in the 
Earth’s crust (0.004%) is widely distri- 
buted, largely as cassiterite (SnO;). The 
metal has been known since early bronze 
age civilizations when the ores used 
were relatively rich but currently worked 
ores are as low as 1-2% and considerable 
concentration must be carried out before 
roasting. The metal itself is obtained by 
reduction using carbon, 

SnO: + C Sn + CO; 

TTin is an expensive metal and several 
Processes are used for recovering tin 
from Scrap tin-plate, These may involve 
chlorination (dry) to the volatile SnCla, 
or by electrolytic methods using an 
alkaline electrolyte, 
Sn + 40H- Sn(OH),?- + 2e- (anode) 
Sn(OH).?- = Sn?* 4 40H- (cathode) 
Sn?* + 2e > Sn (cathode) 
Tin does not react directly with hydro- 
gen but an unstable hydride, SnH,, can 
be prepared by reduction of SnCL. The 
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low stability is due to the rather r 
overlap of the diffuse orbitals of RRE 
atom with the small H-orbitals. Tin 
forms both tin(II) oxide and tin(IV) 
oxide. Both are amphoteric, dissolving 
in acids to give tin(II) and tin(IV) salts, 
and in bases to form stannites and 
stannates. 

SnO + 40H- — [Sn0j]*: + 2H;O 

stannite (relatively unstable) 
SnO: - 40H-  [SnO,]*- + 2H:0 
3 stannate 

The halides, SnX; may be prepared by 
dissolving tin metal in the hydrogen 
halide or by the action of heat on SnO 
plas the hydrogen halide. Tin(IV) 

alides may be prepared by direct 
reaction of halogen with the metal. 
Although tin(II) halides are ionized in 
Solution their melting points are all low 
peung considerable covalency in all 
pur the fluoride. The tin(IV) halides are 
ve ile and essentially covalent with 
sient polarization of the bonds. 
aa compounds are readily oxidized 

en IV) compounds and are therefore 
e reducing agents for general labora- 
TA use. 
E ioe three crystalline modifications 
Siete a-tin or ‘grey tin’ (diamond 
ihe eine B-tin or ‘white tin’, and y-tin; 
maa er two are metallic with close 
Packed structures. Tin also has several 
Is used 
h ised in a large number of alloys 
ping Babbit metal, bell metal, 

ritannia metal, bronze, gun metal, and 
S EUM well as several special solders. 

: Sn; m.p. 232°C; b.p. 2362°C; 

P.n. 50; r.a.m. 118.7. 


SO chloride (SnCl;) A transparent 
Miss a fatty lustre. It is made by 
Tie DI ee acid. 
omi chloride is a reducing agent, it 

ines with ammonia, and forms 


hydrates with wat i 
mordant. ter. It is used as a 


tin(IV) chloride (SnCl) A colourless 
sope liquid. Tin(IV) chloride is 
hydrolysed Organic solvents but is 
sulph by water. It dissolves 

Phur, phosphorus, bromine, and 
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titanium 


iodine, and it dissolves in concentrated 
hydrochloric acid to give the anion 
SnCL?-. 


tin(IV) hydride See stannane. 


tin(II) oxide (SnO) A dark green or 
black solid. It can also be obtained in an 
unstable red form, which turns black on 
exposure to air. Tin(II) oxide can be 
made by precipitating the hydrated oxide 
from a solution containing tin(II) ions 
and dehydrating the product at 100°C. 


tin(IV) oxide (SnO;) A colourless 
crystalline solid, which is usually 
discoloured owing to the presence of 
impurities. It exists as hexagonal or 
rhombic crystals or in an amorphous 
form. Tin(IV) oxide is insoluble in 
water. It is sold as ‘putty powder’ for 
polishing glass and metal. 


tin(III) sulphide (SnS) A grey solid 
that can be prepared from tin and 
sulphur. Above 265°C tin(II) sulphide 
slowly turns into tin(IV) sulphide and 


28nS(s) — SnS:(s) + Sn(s) 


tin(IV) sulphide (SnS2) A yellowish 
solid that can be precipitated by reacting 
hydrogen sulphide with a solution of a 
soluble tin(IV) salt. A crystalline form 
sometimes known as mosaic gold is 
obtained by heating a mixture of tin 
filings, sulphur, and ammonium chlor- 
ide. Tin(IV) sulphide is used as a 


pigment. 


titanium A transition metal that occurs 
in various ores as titanium(IV) oxide 
and also in combination with iron and 
oxygen. It is extracted by conversion of 
titanium(IV) oxide to the chloride, 
which is reduced to the metal by heating 
with sodium. Titanium is reactive at 
high temperatures. It is used in the 
aerospace industry as it is strong, 
resistant to corrosion, and has a low 
density. It forms compounds with’ 
oxidation states +4, +3, and +2, the 
+4 state being the most stable. 


titanium 


Symbol: Ti; m.p. 1680°C; b.p. 3280°C; 
r.d. 4.5; p.n. 22; r.a.m. 47.90. 


titanium(IV) chloride (titanium tetra- 
chloride, TiC) A volatile colourless 
liquid formed by heating titanium(IV) 
oxide with carbon in a stream of dry 
chlorine at 700°C. The Product is puri- 
fied by fractional distillation. Titan- 
ium(IV) chloride fumes in moist air 
forming the oxychlorides of titanium. It 
undergoes hydrolysis in water but this 
can be prevented by, the presence of 
excess hydrochloric acid. Crystallization 
of such a solution gives crystals of the 
di- and pentahydrates, Titanium(IV) 
Chloride is used in the preparation of 
pure titanium and as an intermediate in 


the production of titanium compounds 
from minerals. 


titanium(IV) oxide (titanium dioxide, 
TiO:) A white. ionic solid that occurs 
maturally in three crystalline forms: 
Tutile (tetragonal ), brookite (orthorhom- 
bic), and anatase (tetragonal). It reacts 
slowly with acids and is attacked by the 
halogens at high temperatures. On 


ium(IV) oxide is amphoteric; it is used 
as a white pigmenr. TWith hot concen- 
trated sulphuric acid, it forms titanyl 
sulphate, TiOSO, When fused with 
alkalis, it forms titanates. 


titrant See titration, 


titration A procedure in volumetric 
analysis in which a solution of known 
concentration (called the titrant) is 
added to a solution of unknown concen- 
tration from a burette until the 
equivalence point or end Point of the 
titration is reached. See volumetric 
analysis. 


TNT See trinitrotoluene. 


Tollen's reagent tA solution of the 
complex ion Ag(NH;);* produced by 
precipitation of silver oxide from silver 
nitrate with a few drops of sodium 
hydroxide solution, and subsequent 
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dissolution of the silver oxide in aqueous 
ammonia. Tollen's reagent is used in the 
"silver-mirror test" for aldehydes, where 
the Ag* ion is reduced to silver metal. 
It is also a test for alkynes with a triple 
bond in the l-position. A yellow 
precipitate of silver carbide is formed in 
this case. 
RCCH + Ag* + RCC-Ag* + H* 

See also silver-mirror test. 


toluene See methylbenzene. 


tonne (metric ton) Symbol: t A unit of 
mass equal to 10? kilograms (i.e. one 
megagram). 


torr tA unit of Pressure equal to a 
Pressure of 101 325/760 pascals (133.322 
Pa). It is equal to the mmHg. 


tracer An isotope of an element used to 
investigate chemical reactions or physi- 


Cal processes (eg. diffusion). See 
isotope. 


trans- Designating an isomer with groups 
that are on Opposite sides of a bond or 
Structure, See isomerism, 


transition elements A class of elements 
Occurring in the periodic table in three 
Series: from scandium to zinc; from 
yttrium to cadmium; and from lan- 
thanum to mercury. The transition 
elements are all metals, They owe their 
Properties to the Presence of d electrons 
in the atoms. In the first transition 
Series, calcium has the configuration 
3s/3p^4s?, The next clement scandium 
has 3s73p°3d'45?, and the series is formed 
by filling the d levels up to zinc at 
3d!°4s*. The other two transition series 
occur by filling of the 4d and 5d levels. 
Often the elements Scandium, yttrium, 
and lanthanum are considered with the 
lanthanoids rather than the transition 
elements, and zinc, 
mercury are also treated as a separate 
Eroup. Transition elements have certain 
characteristic Properties resulting from 
the existence of d levels: 
(1) They have variable valences — i.e. 
they can form compounds with the metal 


in different oxidation states (Fe?* and 

Fe?*, etc.). 

(2) They form a vast number of inor- 

ganic complexes, in which coordinate 

ponds are formed to the metal atom or 
n. 

(3) Compounds of transition elements 

are often coloured. 

(4) fBecause of the unpaired electrons 

in d levels of many complexes, tran- 

Sition-metal compounds are often 

coloured, 

See also metals, td-block, lanthanoids, 

zinc group. 


transition state (activated complex) 
Symbol: f A short-lived high-energy 
molecule, radical, or ion formed during 
aa sion between molecules possessing 
ihe necessary activation energy. The 
ransition state decomposes at a definite 
the to yield either the reactants again or 

e final products, The transition state 

can be considered to be at the top of the 
energy profile. 
tFor the reaction, 
utt YZ- X.-Y..zi a XY +Z 
^ Sequence of events is as follows. X 
arene YZ and when it is close 
rcd. | the electrons are rearranged 
(ens dd a weakening of the bond 
formen Y and Z. A partial bond is now 
transiti between X and Y producing the 
ES ition state. Depending on the 
E perimental conditions, the transition 
Slate either breaks down to form the 
products or reverts back to the reactants. 


falda temperature A temperature 
dur ich some definite physical change 
ARE a substance. Examples of such 
ae are change of state, change of 
Structu i 
enema re, and change of magnetic 


tr: = 
to mutation A change of one element 
‘© another by radioactive decay or by 


em ardment of the nuclei with parti- 


Papert number Symbol: t In an 
i DUE) the transport number of an 
n is the fraction of the total charge 


trichloroethane 


carried by that type of ion in conduc- 
tion. 


transuranic elements {Those elements 
of the actinoid series that have higher 
atomic numbers than uranium. The 
transuranic elements are formed by 
adding neutrons to the lower actinoids 
by high-energy bombardment and they 
generally have such short half-lives that 
macroscopic isolation is impossible. 
Neptunium and plutonium are formed 
in trace quantities by natural neutron 
bombardment from spontancous fission 
of ?*U. There has been a considerable 
amount of speculation about other 
‘islands of stability’ at much higher mass 
numbers, as high as 184, and the possible 
existence of a ‘super-actinoid’ series. 


triatomic Denoting a molecule, radical, 
or ion consisting of three atoms. For 
example, O; and H;O are triatomic 
molecules. 


tribromomethane (bromoform, CHBn) 
+A colourless liquid compound, See 


haloform. 


trichloroacetic acid +See chloroethanoic 
acid, 


chloral, CC5CHO) 
+A colourless liquid aldehyde made by 
chlorinating ethanal. It was used to 
make the insecticide DDT. It can be 
hydrolysed to 2,2,2-trichloroethanediol 
(chloral hydrate, CChCH(OH);). Nor- 
mally, compounds with two -OH groups 
on the same carbon atom are unstable. 
However, in this case the effect of the 
three chlorine atoms stabilizes the 
compound. It is used as a sedative. 


trichloroethanal ( 


trichloroethane (chloroform, CHCh) A 
colourless volatile liquid formerly used 
as an anaesthetic. Now its main use is as 
a solvent and raw material for making 
other chlorinated compounds. {Tri- 
chloroethane is made by reacting 
ethanal, ethanol, or propanone with 
chlorinated lime. 
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2,2,2-trichloroethanediol 


2,2,2-trichloroethanediol +See trich- 
loroethanal. 


trichloroethanoic acid +See chloroc- 
thanoic acid. 


triclinic crystal See crystal system. 
trigonal bipyramid +See complex. 


triglyceride tA glyceride in which esters 
are formed with all three -OH groups, 
See glyceride. 


trigonal crystal See crystal System. 


trihydrate A crystalline hydrated com- 
pound that contains three molecules of 


water of crystallization per molecule of 
compound. 


trihydric alcohol tSee triol, 


triiodomethane (iodoform, CHI) +A 
yellow crystalline compound made by 
warming ethanal with an alkaline 
Solution of an iodide: 
CH;CHO + 3I- + 40H- > 
CHI; + HCOO- + 3H;0 
The reaction also occurs with all ketones 
of general formula CH;COR (R is an 
alkyl group) and with secondary 
alcohols CH;CH(OH)R. lodoform is 
used as a test for such reactions (the 
lodoform reaction). 


friiron tetroxide (ferrosoferric oxide, 
magnetic iron oxide, Fe0O4) A black 
solid prepared by Passing either steam 
or carbon dioxide over red-hot iron. It 
may also be prepared by passing steam 
over heated iron(II) sulphide, Triiron 
tetroxide occurs in nature as the mineral 
magnetite. It is insoluble in water but 
will dissolve in acids to give a mixture 
of iron(II) and iron(III) salts in the 
ratio 1:2. Generally it is chemically 
unreactive; it is, however, a fairly good 
conductor of electricity. 


trimer A molecule (or compound) 
formed by addition of three identical 
molecules. See ethanol, methanol. 


trimethylaluminium (aluminium tri- 
methyl, (CH;)AI) A colourless liquid 
produced by the sodium reduction of 
dimethyl aluminium chloride. It ignites 
Spontaneously on contact with air and 
reacts violently with water, acids, halo- 
gens, alcohols, and amines. Aluminium 
alkyls are used in the Ziegler process for 
the manufacture of high-density poly- 
ethene. 


trimolecular Describing a reaction or 
step that involves three molecules 
interacting simultaneously with the 
formation cf a product. For example, 
the final step in reaction between 
hydrogen peroxide and acidified potas- 
sium iodide is trimolecular: 

HOI + H* + F l+ H;O 
flt is uncommon for reactions to take 
place involving trimolecular steps. The 
oxidation of. nitrogen(II) oxide to nitro- 
gen(IV) oxide, 
2NO + 0:5 2NO; 

is often classified as a trimolecular 
reaction but many believe it to involve 
two bimolecular reactions. 


trinitrotoluene (TNT, CH,C,H,(NO;)s) 
A yellow crystalline solid. It is a highly 
unstable substance, used as an explosive. 
fThe compound is made by nitrating 
methylbenzene and the nitro groups are 
in the 2, 4, and 6 Positions. 


triol (trihydric alcohol) tAn alcohol that 
has three hydroxyl groups (-OH) per 
molecule of compound, 


trioxygen See ozone. 


triple bond A covalent bond formed 
between two atoms in which three pairs 
of electrons contribute to the bond. One 
pair forms a sigma bond (equivalent to 
a single bond) and two pairs give rise to 
two pi bonds. It is conventionally 
represented as three lines, thus H-CzC- 
H. See multiple bond. 


triple point +The only point at which the 
gas, solid, and liquid phases of a 
Substance can coexist in equilibrium. 
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The triple point of water (273.16 K 
. at 
101 325 Pa) is used to define the kelvin. 


trisodium phosphate(V) (sodium or- 
thophosphate,Na;PO;) A white solid 
prepared by adding sodium hydroxide to 
disodium hydrogenphosphate. On eva- 
poration white hexagonal crystals of the 
dodecahydrate (Na;PO,.I2H;O) are 
obtained. These crystals do not effloresce 
or deliquesce. They dissolve readily in 
water to produce alkaline solutions 
owing to salt hydrolysis. Trisodium 
phosphate is used as a water softener. 


pated compound 1A compound in 
which one or more 'H atoms have been 
replaced by tritium (°H) atoms. 


finum Ito T A radioactive isotope 
of hy Ogen of mass number 3. The 
puces Contains 1 proton and 2 
vin ns. Tritium decays with emission 
st w-energy beta radiation to give 
"He, The haltlils is 123 year It is 
eh as a tracer in studies of chemical 
E ions. Compounds in which `H 
loms replace the usual !H atoms arè 
said to be tritiated. 


y alent (tervalent) Having a valence of 
rec. 


seer tun ion +The positive ion C; Eo", 

ři ng a symmetrical seven-membered 

ring of carbon atoms. The tropylium ion 
ring shows non-benzenoid aromatic 
Properties. 


tryptophan +See amino acids. 


EX A transition metal occurring 
and y in wolframite ((Fe,Mn) WO) 
P peer (CaWO,). It was formerly 
c wolfram. It is used as the filaments 
mco lamps. 
So bolE W; m.p. 3380°C; b.p. 5530*C; 
:d. 19.3; p.n. 74 r.a.m. 183.85. 


tungsten carbide (W:C and WC) Eie 
bowie hee produced by heating 
carbides tungsten with carbon. The 
used ini are extremely strong and are 
in industry to make cutting tools or 


unimolecular 


as an abrasive. {WC has a very high 
melting point (2770°C) and will conduct. 
electricity. WC also has a very high 
melting point (2780°C) but is a less. 
efficient conductor of electricity. It is 
very resistant to chemical attack and 
behaves in a manner very similar to that 
of tungsten. It is strongly attacked by 
chlorine to give tungsten hexachloride, 
WCL.- 


tyrosine +See amino acids. 


ultracentrifuge ^ high-speed centrifuge 
used for separating out very small parti- 
cles. The sedimentation rate depends on 
the particle size, ‘and the ultracentrifuge 
tan be used to measure the mass of 
colloidal particles and large molecules 
(e.g. proteins). 


ultrahigh vacuum See vacuum. 


ultraviolet (UV) ^ form of electromag- 
netic radiation, shorter in wavelength. 
than visible light. Ultraviolet waveleng- 
ths range between about | nm and 
nm. Ordinary glasses are not transparent 
to these waves; Quartz is a much more 
effective material for making lenses and 

use with ultraviolet. Like 

light, ultraviolet radiation is prod 

by electronic transitions. between the 

rgy levels of atoms. However, 


having 2 higher frequency, ultraviolet 


unimolecular Describing a reaction (or, 
step) in which only one molecule is 


involved. For example, radioactive 
decay is à unimolecular reaction: 
Ra>Rn +a 
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unit 


Only one atom is involved in each 
disintegration, ^ ; 
In a unimolecular chemical reaction, 
the molecule acquires the necessary 
energy to become activated and then 
decomposes. The majority of reactions 
involve only uni- or bimolecular Steps. 
The following reactions are all unimole- 
cular: 
N20, > 2NO; 
PCI, > PCI; + Cl; 
CH;CH;CI > C;H, + HCI 


unit A reference value of a quantity used ` 


to express other values of the same 
quantity, See also SI units, 


unit cell The smallest group of atoms, 
ions, or molecules that, when repeated 
at regular intervals in three dimensions, 
will produce the latti 
System. There are seven basic types of. 
unit cells, which 
crystal systems. 


unit processes (chemical conversions) 
€ recognized steps used in chemical 
Processes, e.g. alkylation, distillation, 
hydrogenation, Pyrolysis, and nitration. 
Industrial Processing and the economics, 
design, and use of the equipment are 
based on these unit Processes rather 
than consideration of each reaction 
Separately, 


univalent (monovalent) Having a valence 
of one. 


universal indicator (multiple-range 
indicator) A mixture of indicator 
dyestuffs that shows a gradual change in 
colour over a wide PH range, A typical 
formulation contains methyl orange, 
methyl red, bromothymol blue, and 
phenolphthalein and changes through a 
"red, orange, yellow, Breen, blue, and 
violet sequence between pH 3 and pH 
10. Several commercial preparations are 
available as both solutions and test 
papers. 


unsaturated compound An organic 
compound that contains at least one 
double or triple bond between two of its 


carbon atoms. +The multiple bond is 
relatively. weak; consequently unsa- 
turated compounds readily undergo 
addition reactions to form single bonds. 
Compare saturated compound. 


unsaturated solution See saturated 
solution. 


unsaturated vapour See saturated 
vapour. 


uranium A toxic radioactive silvery 
element of the actinoid series of metals. 
Its three naturally occurring radioisoto- 
Pes, uranium-238 (99.283€, in abun- 
dance), uranium-235 (0.711%), and 
uranium-234 (0.005%), are found in 
numerous minerals including the uran- 
ium oxides pitchblende, uraninite, and 
camotite. The readily fissionable 2U ig 
2 major nuclear fuel and nuclear 
explosive, while ?"U is a source of 
fissionable plutonium-239, 
Symbol: U; m.p. 1132°C; b.p. 3818°C; 
d. 18.95; p.n. 92; r.a.m. 238.03. 


uranium hexafluoride (UFs) +A crys- 
talline volatile compound, used in 
separating uranium isotopes by differen- 
ces in the rates of gas diffusion. 


urea (carbamide, CO(NH:;)) A white 
crystalline compound made from ammo- 
nia and carbon dioxide, It is used in the 
manufacture of urea-formaldehyde res- 
ins. Urea is the end product of 
metabolism in many animals and is 
Present in urine, 


Vacancy tSee defect, 


vacuum A space containing gas below 
atmospheric pressure, A Perfect vacuum 
contains no matter at all, but for practi- 
Cal purposes soft (ow) vacuum is 
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usually defined as down to about 107? 
Pascal, and hard (high) vacuum as below 
this. Ultrahigh vacuum is lower than 
10-7 pascal. 


vacuum distillation The distillation of 
liquids under a reduced pressure, so that 
the boiling point is lowered. Vacuum 
distillation is a common laboratory 
technique for purifying or separating 
unstable compounds (i.e. ones that 
would decompose at their ‘normal’ 
boiling point. 


valence (valency) The combining power 
of an element or radical, equal to the 
number of hydrogen atoms that will 
combine with or displace one atom of 
the element. For simple covalent mole- 
als the valence is obtained directly, 
S Hees in CH; is tetravalent; N 
i QUEUE For ions me valence 
equivalent to the magni- 

d of the charge; for example Ca?* is 
E lent, CO;?* is a divalent radical. The 
ds e gases are zero-valent because they 
Saat form compounds under normal 
ES As the valence for many 
SONS a is constant, the valence of 
ices lements can be deduced without 
ian ce to compounds formed with 
SEINE: Thus, as the valence of 
alimini in HCI is 1, the valence of 
ae in AlCl, is 3; as oxygen is 
mein, (H;O) silicon in SiO: is 
and Mai The product of the valence 
TPA ambegal atoms of each element 
BT vus must be equal. For 
ple, in AO, for the two aluminium 


at 
ojus Sense 3) the product is 6 and 


the RUE is also 6. 
e. valence of an elei i 
3 ment is generally 
ak either the number of valence 
VERRE T eight minus the number of 
d electrons. Transition metal ions 


isplay variable valence. 


valence 
zm ee An outer electron in 
Chemical bonds? participate in forming 


valency See valence. 
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ree oxygen atoms (valence 2) 


van der Waals force 
valeric acid {See pentanoic acid. 
valine +See amino acids. 


vanadium A transition element occurring 
in complex ores in small quantities. It is 
used in alloy steels. Vanadium forms 
compounds with oxidation states +5, 
+4, +3, and +2. It forms coloured 
ions. 
Symbol V; m.p. 1920°C: b.p. 3380°C; 
r.d. 6.1; p.n. 23; r.a.m. 50.94. 


vanadium(V) oxide (vanadium pen- 

toxide, V;O:) An oxide of vanadium 
extensively used as a catalyst in 
oxidation processes, as in the contact 
process. 


van der Waals equation An equation 
of state for real gases. For one mole of 
gas the equation is 

(p + a/ Vex?) Vin - b) = RT 

where p is the pressure, Vm the molar 
volume, and T the thermodynamic 
temperature. a and b are constants fora 
given substance and R is the gas 
constant. The equation gives a better 
description of the behaviour of real 
gases than the perfect gas equation (pVm 
= RT). 
+The equation contains two corrections: 
b is a correction for the non-negligible 
size of the molecules; a/ Vm? corrects for 
the fact that there are attractive forces 
between the molecules, thus slightly 
reducing the pressure from that of an 
ideal gas. See also gas laws, kinetic 
theory. 


van der Waals force An intermolecular 
force of attraction, considerably weaker 
than chemical bonds and arising from 
weak electrostatic interactions between 
molecules (the energies are often less 
than 1 J mol-'). 
+The van der Waals interaction contains 
contributions from three effects: per- 
manent dipole-dipole interactions found 
for any polar molecule; dipole-induced 
dipole interactions, where one dipole 
causes a slight charge separation in 
bonds that have a high polarizability; 
and dispersion forces, which result from 


van’t Hoff factor 


temporary polarity arising from asym- 
metrical distribution of electrons around 
the nucleus. Even atoms of the noble 
gases exhibit dispersion forces. 


van't Hoff factor Symbol: i The ratio of 
the number off particles present in a 
solution to the number of undissociated 
molecules added. It is used in studies of 
colligative properties, which depend on 
the number of entities present. For 
example, if n moles of a compound are 
dissolved and dissociation into ions 
occurs, then the number of particles 
present will be in. Osmotic pressure 
(II), for instance will be given by the 
equation 

TLV = inRT 


van’t Hoff isochore +The equation: 
(dlog.K)/dT = AH/RT? 
showing how the equilibrium constant, 
K, of a reaction varies with ther- 
modynamic temperature, T. AH is the 
enthalpy of reaction. 


vaporization The process by which a 
liquid or solid is converted into a gas or 
vapour by heat. Unlike boiling, which 
Occurs at a fixed temperature, vaporiza- 
tion can occur at any temperature, Its 
rate increases as the temperature rises, 


vapour A gas formed by the vaporization 
of a solid or liquid. Some particles near 
the surface of a liquid acquire sufficient 
energy in collisions with other particles 
to escape from the liquid and enter the 
vapour; some particles in the vapour 
lose energy in collisions and Te-enter the 
liquid. At a given temperature an 
equilibrium is established, which deter- 
mines the vapour Pressure of the liquid 
at that temperature, 
vapour density The ratio of the mass of 
a certain volume of a vapour to the 
mass of an equal volume of hydrogen 
(measured at the same temperature and 
Pressure). Determination of vapour 
densities is one method of finding the 
relative molecular mass of a compound 
(equal to twice the yapour density). 


Victor Meyer's method, Dumas* method, 
or Hofmann's method can be used. 


vapour pressure The pressure exerted 
by a vapour. The saturated vapour 
pressure is the pressure of a vapour in 
equilibrium with its liquid or solid. It 
depends on the nature of the liquid or 
solid and the temperature. 


vat dyes fA class of insoluble dyes 
applied by first reducing them to 
derivatives that are soluble in dilute 
alkali. In this condition they have a 
great attraction for certain fibres, such 
as cotton. The solution is applied to the 
material and the insoluble dye is 
regenerated in the fibres by atmospheric 


oxidation. Indigo and indanthrene are 
examples of vat dyes, 


vermilion See mercury(II) sulphide. 


vicinal positions Positions in a mole- 
cule at adjacent atoms. For example, in 
1,2-dichloroethane the chlorine atoms 


are in vicinal positions, 


Victor Meyer's method A method for 

determining vapour densities in which a 
given weight of sample is vaporized and 
the volume of air displaced. by it is 
measured. In practice, a bulb in a heating 
bath is connected via 


gement. The system is brought to 
equilibrium and the sample is then added 
(without opening the apparatus to the 
atmosphere). As the air displaced by gas 
er a correction for 
the vapour Pressure of water is necessary 
fail if the vapour is 


See also Dumas’ 
method, Hofmann’s method, 


vinyl chloride See chloroethene. 
vinyl group The group CH;:CH-, 


vitreous Resembling glass, or having the 
Structure of a glass, 


volatile Easily converted into a vapour. 
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volt Symbol: V The SI unit of electrical 
Potential, potential difference, and e.m.f., 
defined as the Potential difference 
between two points in a circuit between 
mae Rent current of one ampere 
lows when the issi i 
nates Bowen dissipated is one 


voltaic cell See cell, 


voltameter (coulombmeter) A device for 
determining electric charge or electric 
Current using electrolysis. The mass m 
of material released is measured and this 
Sn e used to calculate the charge (Q) 
2nd € current (I) from the electro- 
emical equivalent of the element, 
Using Q = m/zor I = m/zt, 


elemere Analysis One of the classical 
involves ods of quantitative analysis. It 
Ed measuring the volume of a 
tesi n of accurately known concen- 
esi that is required to react with a 
maine pred the substance being deter- 
cates solution of known concen- 
can (standard Solution) is added in 
probe SORS from a burette. The 
cquivetens called a titration and the 
ES ce point is called the end point. 
fdas are observed with the aid of 
such ag ee or by instrumental methods, 

Volumen auction or light absorption. 
10 gases ric analysis can also be applied 
Mercury in d Eas is typically held over 
changes graduated tube, and volume 
are measured on reaction or 


after ap. i 
j '501 
mixture, rption of components of a 


Yulcanization 
€ quality o 
resistance to 


A process of improving 

f rubber (hardness and 

temperature changes) by 

UE (about 150°C). 

© used to speed up the 

pe ertain sulphur Guibas 
used for vulcanization. 


Accelerators ar 


219 


water 


Wacker process {An industrial process 
for making ethanal (and other carbonyl 
compounds). To produce ethanal, ethene 
and air are bubbled through an acid 
solution of palladium(II) chloride and 
copper(II) chloride (20-60°C and 
moderate pressure): 

C,H, + Pd?* + O; > CH;CHO + Pd 
+2H* 
The reaction involves an intermediate 
complex between palladium(II) ions 
and ethene. The purpose of the 
copper(II) chloride is to oxidize the 
palladium back to Pd?* ions: 

Pd + 2Cu?* — Pd?* + 2Cu* 
The copper(I) ions spontaneously 
oxidize to copper(II) ions in air. The 
Process provides a cheap source of 
ethanal (and, by oxidation, ethanoic 
acid) from the readily available ethene, 


Walden inversion +A reaction in which 
an optically active compound reacts to 
give an optically active product in which 
the configuration has been inverted. 
This happens in the S2 mechanism. 
See nucleophilic substitution. 


washing soda See sodium carbonate. 


water (H;O) A colourless liquid that 
freezes at O°C and, at atmospheric 
pressure, boils at 100°C. In the gaseous 
state water consists of single H;O 
molecules. The atoms do not lie in a 
straight line, the angle between the 
central oxygen atom and the two hydro- 
gen atoms being 105°; the distance 
between each hydrogen atom and. the 
oxygen atom is 0.099 nm. When ice 
forms, hydrogen bonds some 0.177 nm 
long develop between the hydrogen atom 
and oxygen atoms in adjacent molecules, 
giving ice its tetrahedral crystalline 
structure with a density of 916.8 kg m^? 
at STP. Different ice structures develop 
under higher pressures. When ice melts 
to form liquid water, the tetrahedral 


water gas 


structure breaks down, but some hydro- 
gen bonds continue to exist; liquid water 
consists of groups of associated water 
molecules, (H;O), mixed with some 
monomers and some dimers. This 
mixture of molecular species has a 
higher density than the open-structured 
crystals. The maximum density of water, 
999.97 kg m^, occurs at 3.98°C. This 
accounts for the ability of ice to float on 
water and for the fact that water pipes 
burst on freezing. 

Although water is predominantly a 
covalent compound, a very small 
amount of ionic dissociation occurs 
(H,O = H+ + OH). In every litre of 
water at STP there are approximately 
10-? moles of each ionic species. It is for 
this reason that, on the pH scale, a 
neutral solution has a value of 7. 

As a polar liquid, water is the most 
powerful solvent known. This is partly a 
result of its high dielectric constant and 
partly its ability to hydrate ions. This 
latter property also accounts for the 
incorporation of water molecules into 
some ionic crystals as water of crystal- 
lization, 

Water is decomposed by reactive metals 
(e.g. sodium) when cold and by less 
active metals (e.g. iron) when steam is 
passed over the hot metal. It is also 
decomposed by electrolysis. 


water gas A mixture of carbon monoxide 
and hydrogen produced when steam is 
passed over red-hot coke or made to 
combine with hydrocarbons, e.g. 

C(s) + H;O(g) ^ CO(g) + Hx(g) 
CH.(g) + H;O(g) ^ CO(g) + 3Hx(g) 
The production of water gas using 
methane is an important step in the 
preparation of hydrogen for ammonia 
synthesis. Cempare producer gas. 


water of crystallization Water present 

in definite proportions in crystalline 
compounds. Compounds containing 
water of crystallization are called 
hydrates, Examples are copper(II) 
sulphate pentahydrate (CuSO,.5H20) 
and sodium carbonate decahydrate 
(Na;CO,10H;O). The water can be 
removed by heating. 


When hydrated crystals are heated the 
water molecules may be lost in stages. 
For example, copper(II) sulphate 
pentahydrate changes to the monohy- 
drate (CuSO,.H;0) at 100°C, and to the 
anhydrous salt (CuSO,) at 250°C. The 
water molecules in crystalline hydrates 
may be held by hydrogen bonds (as in 
CuSO,.H20) or, alternatively, may be 
coordinated to the metal ion as a 
complex aquo ion. 


water softening The removal from water 
of dissolved calcium, magnesium, and 
iron compounds, thus reducing the 
hardness of the water. The compounds 
are potentially damaging because they 
can accumulate in pipes and boilers and 
they react with, and therefore waste, 
soap. Temporary hardness can be 
removed by boiling the water. Per- 
manent hardness can be removed in a 
number of ways: by distillation; by the 
addition of sodium carbonate, which 
causes dissolved calcium, for example, 
to precipitate out as calcium carbonate; 
and by the use of ion-exchange products 
such as Permutit and Calgon. See also 
hardness (of water). 


watt Symbol: W The SI unit of power, 


defined as a power of one joule per 
second. 1 W = 1Js-!. 


wavelength Symbol: À The distance 
between the ends of one complete cycle 
of a wave. Wavelength is related to the 
speed (c) and frequency (v) thus: 
c= ph 


wave mechanics +See quantum theory. 


wave number Symbol: o +The reciprocal 
of the wavelength of a wave. It is the 
number of wave cycles in unit distance, 
and is often used in spectroscopy. The 
unit is the metre-! (m:!). The circular 
wave number (Symbol: k) is given by: 
k= 270 


weak acid (or base) An acid or base that 
is not fully dissociated in solution. 


weber Symbol: Wb +The SI unit of 
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magnetic flux, equal to the magnetic 
flux that, linking a circuit of one turn, 
Produces an e.m.f. of one volt when 
reduced to zero at a uniform rate in one 
second. 1 Wb = 1 Vs. f 


Weston cadmium cell +A standard cell 
that produces a constant e.m.f. of 1.0186 
volts at 20°C. It consists of an H-shaped 
glass vessel containing a negative 
cadmium-mercury amalgam electrode 
in one leg and a positive mercury 
electrode in the other. The electrolyte 
— saturated cadmium sulphate solution 
— fills the horizontal bar of the vessel 
to connect the two electrodes. The e.m.f. 
of the cell varies very little with 
temperature, being given by the equation 
E- 1.0186 - 0.000 037 (T - 293), where 
T is the thermodynamic temperature. 


Ye cell A type of cell, such as a car 
» ttery, in which the electrolyte is a 
iquid solution. See also Leclanché cell. 


white lead See | 
" lead 
hydroxide. aN 
Willlamson’s continuous process tA 
Mes of preparing simple ethers by 
Eu tion 9f alcohols with concen- 
ee hice acid. The reaction ‘is 
Out at 140°C under reflux with 
An excess of the alcohol: 
ms 2ROH — ROR + H;O 
de concentrated sulphuric acid both 
B Ecl the reaction and displaces the 
rium to the right. The product, 


ether, is termed ‘si; 
y ed ‘simple’, because th 
Broups are identical, P Bd 


Wi 
Villiamson's ‘Synthesis +A method for 
au of mixed ethers by 
Substitution. A haloalkane 
1S re ii 
=a with an alcoholic solution of 
» d is (from sodium dissolved 
de + RO-Na* -, R'OR + NaCl 
Hà M ‘uct ether is termed ‘mixed’ if 
n groups R and R’ are different. 


This synthesi can 
is. i 
and mix Produce both simple 


nucleophilic 
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Wurtz reaction 


witherite A mineral form of barium 
carbonate, BaCO;. 


Wohler’s synthesis +A synthesis of urea 
from inorganic compounds (Friedrich 
Wohler, 1828). The urea was produced 
by evaporating NH4NCO (ammonium 
cyanate). The experiment was important 
as it demonstrated that ‘organic’ chemi- 
cals (i.e. ones produced in living organ- 
isms) could be made from inorganic 
starting materials. 


wolfram A former alternative name for 
tungsten. 


wood alcohol See methanol. 


Wood’s metal A fusible alloy containing 
50% bismuth, 25% lead, and 12.5% tin 
and cadmium. Its low melting point 
(70°C) leads to its use in fire-protection 
devices. 


wrought iron A low-carbon steel 
obtained by refining the iron produced 
in a blast furnace. Wrought iron is 
processed by heating and hammering to 
reduce the slag content and to ensure its 
even distribution. It was used to make 
the girders for the Eiffel tower, and is 
now used to make chains and fences. 


Wurtz reaction fA reaction for pre- 
paring alkanes by refluxing a haloalkane 
(RX) with sodium metal in dry ether: 

2RX + 2Na > RR + 2NaX 
The reaction involves the coupling of 
two alkyl radicals. The Fittig reaction is 
a similar process for preparing alkyl- 
benzene hydrocarbons by using a 
mixture of halogen compounds. For 
example, to obtain methylbenzene: 
C,H;CI + CH;Cl + 2Na > C,H,CH; 
+ 2NaCl 
In this mixed reaction phenylbenzene 
(C<HsC.Hs) and ethane (CH;CH;) are 
also produced by side reactions. 


xenon $ 


xenon A colourless odourless monatomic 
element of the rare-gas group, now 
known to form compounds. It occurs in 
trace amounts in air. Xenon is used in 
electron tubes and strobe lighting. 
Symbol: Xe; m.p. -111.9°C; bp. 
-107.1*C; d. 5.89 kg m”; p.n. 54; r.a.m. 
1313. 


X-radiation An energetic form of elec- 

tromagnetic radiation. The wavelength 
range is 10°'' m to 10-* m. X-rays are 
normally produced by absorbing high- 
energy electrons in matter. The radiation 
can pass through matter to some extent 
(hence its use in medicine and industry 
for investigating internal structures). It 
can be detected with photographic 
emulsions and devices like the Geiger- 
Müller tube. 
TX-ray photons result from electronic 
transitions between the inner energy 
levels of atoms. When high-energy 
electrons are absorbed by matter, an X- 
ray line spectrum results. The structure 
depends on the substance and is thus 
used in X-ray spectroscopy. The line 
spectrum is always formed in con- 
junction with a continuous background 
Spectrum. The minimum (cut-off) 
wavelength Ao corresponds to the maxi- 
mum X-ray energy, Wma. This equals 
the maximum energy of electrons in the 
beam producing the X-rays. Waveleng- 
ths in the continuous spectrum above Ay 
are caused by more gradual energy loss 
by the clectrons, in the process called 
bremsstrahlung (braking radiation), 


X-ray crystallography The study of the 
internal structure of crystals using the 
technique of X-ray diffraction. 


X-ray diffraction A technique used to 
determine crystal structure by directing 
X-rays at the crystals and examining the 
diffraction patterns produced. At certain 
angles of incidence a series of spots are 


produced on a photographic plate; these 
spots are caused by interaction between 
the X-rays and the planes of the atoms, 
ions, or molecules in the crystal lattice. 
The positions of the spots can be shown 
to be consistent with the Bragg equation 
ny = 2dsin£. 


xylene See dimethylbenzene. 


Y 


ytterbium A soft malleable silvery 
element having two allotropes and 
belonging to the lanthanoid series of 
metals. It occurs in association with 
other lanthanoids. Ytterbium has been 
used to improve the mechanical proper- 
ties of steel. s 
Symbol: Yb; m.p. 819°C; b.p. 1194°C; 
r.d. 6.97 or 6.54; p.n. 70; r.a.m. 173.04, 


yttrium A silvery metallic element belon- 
ging to the second transition series. It is 
found in almost every lanthanoid 
mineral, particularly monazite, Yttrium 
is used in various alloys, in yttrium- 
aluminium garnets used in the elec- 
tronics industry and as gemstones, and 
as a catalyst. A mixture of yttrium and 
europium oxides is widely used as the 
ted phosphor on television screens, 
Symbol: Y; m.p. 1523°C; b.p. 3337°C; 
r.d. 4.47; p.n. 39; r.a.m. 8891. 


Zeisel reaction +The reaction of an 
ether with excess concentrated hydroio- 
dic acid. On refluxing, a mixture of 
iodoalkanes is formed: 

ROR’ + 2HI > H,O + RI + R'I 
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Analysis of these gives information 
about the structure of the original ether. 


zeolite A member of a group of hydrated 
aluminosilicate minerals, which occur in 
pas and are also manufactured for 
their ion-exchange properties. They are 
used for water softening and for sugar 
refining. +The zeolites have an open 
Crystal structure and can be used as 
molecular sieves. 


See also ion exchange, molecular sieve. 


zero order Describing a chemical reac- 
in R nbid; the rate of reaction is 
lent of thi i 
Teactant; i.e, v E. 
rate = [X]? 
The concentration of the reactant 
sien constant for a period of time 
a ugh other reactants are being 
eae +The hydrolysis of 2-bro- 
UR y! propane using aqueous 
i has’a rate expression, 
Es K{2-bromo-2-methyl propane] 
ae € reaction is zero order with respect 
© concentration of the alkali. The 


Tate constant for a ie 
ate 6 
it idR Zero reaction has th 


qs Point energy The energy possessed 
EIS atoms and molecules of a 
ce at absolute zero (0 K). 


manufacture or hi 
usi igh-density polyethene 
ing a catalyst of titanium(IV). chloride 


at pent Pressure. The mechanism 
‘ormation of titanium alkyls 
Which cogor; etc GHs) 
ium with hae the o-orbitals of titan- 
chain-length, ar pond of ethene. The 
the ence the density, of 
Polymer can be controlled, 
zine A 
transition i 
natu; metal occurring 
rally as the sulphide (zinc blende) 
x oe insole), It is 
then y Toasting the ore in air and 
reducing the oxide to the metal 


zinc group 


but only corrodes on the surface in air. 
Zinc ions are identified in solution by 
forming white precipitates with sodium 
hydroxide or ammonia solution, both 
precipitates being soluble in excess 
reagent. 

Symbol: Zn; m.p. 420°C; b.p. 908°C; 
r.d. 7.1; p.n. 30; r.a.m. 65.38. 


zincate A salt containing the ion ZnO,*-. 


zinc-blende structure A form of crystal 
structure that consists of a zinc atom 
surrounded by four sulphur atoms arran- 
ged tetrahedrally; each sulphur atom is 
similarly surrounded by four atoms of 
zinc. Zinc sulphide crystallizes in the 
cubic system. Covalent bonds of equal 
strength and length result in the 
formation of a giant molecular struc- 
ture. If the zinc and sulphur atoms are 
replaced by carbon atoms the diamond 
structure is produced. Wurtzite (another 
form of zinc sulphide) is similar but 
belongs to the hexagonal crystal system. 


zinc chloride (ZnCl;) A white crystallino 
solid prepared by the action of dry 
hydrogen chloride or chlorine on heated 
zinc. The anhydrous product undergoes 
sublimation. The hydrated salt may be 
by the addition of excess zinc 
to dilute hydrochloric acid and crystal- 
lization of the solution. Hydrates with 4, 
3, 5/2, 3/2, and 1 molecule of water 
exist. Zinc chloride is extremely deli- 
quescent and dissolves easily in water. It 
is used in dentistry, Leclanché cells, as a 
flux, and as a dehydrating agent in 
organic reactions. 


zinc group tA group of metallic elements 
in the periodic table, consisting of zinc 
(Zn), cadmium (Cd), and mercury (Hg). 
The elements all occur at the end of the 
three transition series and all have outer 
d's? configurations; Zn [Ar]3d!'°4s?, Cd 
[Kr}4d'°5s?, Hg [Xn]5d'°6s?, The 
elements all use only outer s-electrons 
in reaction and in combination with 
other elements unlike the coinage 
metals, which immediately precede 
them. Thus all form dipositive ions, and 
oxidation states higher than +2 are not 


zinc oxide 


known. In addition mercury forms the 
mercurous ion, sometimes written as 
Hg(1), but actually the ion *Hg-Hg*. 
Although the elements fall naturally at 
the end of the transition series their 
properties are more like those of main- 
group elements than of transition metals: 
(1) The melting points of the transition 
elements are generally high whereas 
those of the zinc group are low (Zn 
419.5*C, Cd 329.9°C, Hg -38.87°C), 
(2) The zinc-group ions are diamagnetic 
and colourless whereas most transition 
elements have coloured ions and many 
etic species. 
(3) The zinc group does not display the 
variable valency associated with tran- 
sition metal ions. However the group 
does have the transition-like property of 
forming many complexes or coordina- 
tion compounds, e.g., [Zn(NH;)4]* and 
[Hg(CN)4]"-. 
Within the group, mercury is anomalous 
because of the Hg;* ion mentioned 
above and its general resistance to 
reaction. Zinc and cadmium are electro- 
positive and will react with dilute acids 
to release hydrogen whereas mercury 
will not. When zinc and cadmium are 
heated in air they burn to give the 
oxides, MO, which are stable to further 
strong heating. In contrast mercury does 
not react readily with oxygen (slow 
reaction at the boiling point), and 
mercuric oxide, HgO, decomposes to 
the metal and oxygen on further heating. 
All members of the group form dialkyls 
and diaryls, R;M. 


zinc oxide (ZnO) A compound prepared 
by the thermal decomposition of zinc 
nitrate or carbonate; it is a white powder 
when cold, yellow when hot. Zinc oxide 
is an amphoteric oxide, almost insoluble 
in water, but dissolves readily in both 
acids and alkalis. If mixed with 
powdered ‘carbon and heated to red 
heat, it is reduced to the metal. Zinc 
oxide is used in the paint and ceramic 
industries. Medically it is used in zinc 
ointment. 


. zinc sulphate (ZnSO,) A white crystal- 
line solid prepared by the action of 
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dilute sulphuric acid on either zinc 
oxide or zinc carbonate. On crystal- 
lization the hydrated salt is formed. The 
heptahydrate (ZnSO..7H,O) is formed 
below 30°C, the hexahydrate (ZnSO.. 
6H,0) above 30°C, and the monohy- 
drate (ZnSO,.H;O) at 100°C; at 450°C 
the salt is anhydrous. Zinc sulphate is 
extremely soluble in water. It is used in 
the textile industry. 


zinc sulphide (ZnS) A compound that 
can be prepared by direct combination 
of zinc and sulphur. Alternatively it can 
be prepared as a white amorphous 
Precipitate by bubbling hydrogen sul- 
phide through an alkaline solution of a 
zinc salt or by the addition of ammon- 
ium sulphide to a soluble zinc salt 
solution. Zinc sulphide occurs naturally 
as the mineral blende. It dissolves in 
dilute acids to yield hydrogen sulphide. 
Impure zinc sulphide is phosphorescent. 
It is used as a pigment and in the 
coatings on luminescent screens, 


zircon See zirconium. 


zirconium A transition element that 
occurs in a gemstone, zircon (ZrSiO,). 
It is used in some strong alloy steels. 
Symbol: Zr; m.p. 1850°C; b.p. 4380°C; 
T.d. 6.5; p.n. 40; ram. 91.22. 


zwitterion (ampholyte ion) ¢An ion that 
has both a positive and negative charge 
on the same species. Zwitterions occur 
when a molecule contains both a basic 
group and an acidic group; formation of 
the ion can be regarded’ as an internal 
acid-base reaction. For example, amino- 
ethanoic acid (glycine) has the formula 
HiN.CH;.COOH. Under neutral condi- 
tions it exists as the zwitterion 
/ HjN.CH».COO;, which can be formed 
by transfer of a proton from the carboxyl 
group to the amine group. At low pH 
(acidic conditions) the ion *HjN.CHz- 
COOH is formed; at high pH (basic 
conditions) H,N.CH;.COO- is formed. 
also amino acid. 
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The Chemical Elements 


‘Relative atomic mass’ in brackets is 
nucleon number of most stable isotope. 


Element Symbol Proton No. Relative atomic 

mass 
actinium Ac 89 [227] 
aluminium Al 13 26.9815 
americium Am 95 [243] 
antimony Sb 51 121.75 
argon Ar 18 39.948 
arsenic As 33 74.9216 
astatine At B5 1210] 
barium Ba 56 137.34 
berkelium Bk 97 1247] 
beryllium Be 4 9.0122 
bismuth Bi 83 208.98 
boron B 5 10.81 
bromine Br 35 79.904 
cadmium Cd 48 112.40 
caesium Cs 55 132.905 
calcium Ca 20 40,08 
Californium Cf 98 251] 
carbon C 6 12.011 
cerium Ce 58 140.12 
chlorine cl á 17 35.453 
chromium Cr 24 51.996 
Cobalt Co 27 58.9332 
Copper Cu 29 63.546 
Curium Cm 96 247] 
dysprosium — - Dy 66 162.50 
einsteinium Es 99 1254] 
erbium ES 68 167.26 
europium et 63 151.96 
fermium E 100 257] 
fluorine F 9 18.9984 
francium s 87 223] 
Gadolinium d. 64 15725 
gallium GE 31 69.72 
germanium G 32 72.59 
gold ^W 79 196.967 
hafnium Bh 72 178.49 
helium i 2 4.0026 
holmium e 67 164.930 
hydrogen, Ho 1 1.00797 
indium H 49 114.82 
iodine In 53 126.9044 
iridium ! 7 192.2 
iron uu 26 55.847 
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The chemical elements continued 


Element 


krypton 
lanthanum 
lawrencium 
lead 
lithium 
lutetium 
magnesium 
manganese 
mendelevium 
mercury 
molybdenum 
neodymium 
neon 
neptunium 
nickel 
niobium 
nitrogen 
nobelium 
osmium 
oxygen 
palladium 
phosphorus 
platinum 
plutonium 
polonium 
potassium 
praseodymium 
promethium 
protactinium 
radium 
radon 
rhenium 
rhodium 
rubidium 
ruthenium 
samarium 
scandium 
selenium 
silicon 
silver 
sodium 
strontium 
sulphur 
tantalum 
technetium 
tellurium 
terbium 


Symbol 


Kr 
La 
Lr 
Pb 
Li 
Lu 
Mg 
Mn 
Md 
Hg 
Mo 
Nd 
Ne 
Np 
Ni 
Nb 
N 
No 
Os 
o 
Pd 
P 
Pt 
Pu 
Po 
K 
Pr 
Pm 
Pa 
Ra 
Rn 
Re 
Rh 
Rb 
Ru 
Sm 
Sc 
Se 
Si 
Ag 
Na 
Sr 
S 
Ta 
Te 
Te 
Tb 
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Proton No. 


Relative atomic 
mass 

83.80 

138.91 

1257] 

207.19 

6.939 

174.97 
24.305 
54.938 

1258] 

200.59 

95.94 

144.24 
20.179 

237) 
58.71 
92.906 
14.0067 
255] 


32,064 
180.948 
197] 
127.60 
158.924 


The chemical elements continued 


Element 


thallium 
thorium 
thulium 
tin 
titanium 
tungsten 
uranium 
vanadium 
wolfram (tungsten) 
xenon 
ytterbium 
yttrium 
zinc 
zirconium 


Symbol 


TI 

Th 
Tm 
Sn 


NN<gyE<ces 


M 
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Proton No. 


81 
90 
69 
50 
22 
74 
92 
23 
74 
54 
70 
39 
30 
40 


Relative atomic 
mass 
204.37 
232.038 
168.934 
118.69 
47.90 
183.85 
238.03 
50.942 
183.85 
131.30 
173.04 
88.905 
65.37 
91.22 


Quantity 

speed of light 

Planck constant 
Boltzmann constant 
Avogadro constant 

mass of proton 

mass of neutron 

massof electron 

charge of proton or electron 
Specific charge of electron 
molar volume ats.t.p. 
Faraday constant 

triple point of water 
absolute zero 
permittivity of vacuum 
permeability of vacuum 
Stefan constant 
molargas constant 
gravitational constant 


Physical Constants 


Magnitude 

2.997 925 x 108 
6.626 196 x 10^ 
1.380 622 x 10-23 
6.022 169 x 10? 
1.672 614 x 10-27 
1.674 920 x 10-?? 
9.109 558 x 10-3" 
31.602 191 7 x 10-'* 
—1.758 796 x 10" 
2.24136 x 107? 
9.648 670 x 10* 
273.16 

—-273.15 

8.854 1853 x 10-12 
4nx 107 

5.669 61 x 10° 
8.31434 

6.6732 x 10" 
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Elementary Particles ` 


Partic it 
an nae Symbol Charge Mass - Spin 
electron a 
neutrino v a oa , 2 
muon m v 9 s 
baryons v -1 105.66 1/2 
Porn +1 938.26 1/2 
pentran [) 939.55 1/2 
particle 0 1314.9 1/2 
= 1321.3 1/2 
sigma particle +1 1189.5 1/2 
0 1192.5 12 
Ei 1197.4 1/2 
sede particle o 1115.5 — 12 
parti 
omegi icle ET 16725 3/4 
kaon : K b] 493.8 o 
ee +1 493.8 0 
pion +1 139.6 0 
0 135 p 
A N] 139.6 
phi particle © o 1020 1 
psi particle M 0 3095 1 
eta particle n? (0) 548.8 o 


Sek is common to measure the mass of particles in units of energy/c?, where c; isthe 
of light. The values above are in units of MeV/c*. 1 MeV/c?=178x 10: kg. 
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The Greek Alphabet 


z 
$ 


Name 


alpha 
beta 
gamma 
delta 
epsilon 
zeta 
eta 
theta 
iota 
kappa 
lambda 
mu 
nu 

xi 
omicron 
pi 

tho 
sigma 
tau 
upsilon 
phi 

chi 
psi 
omega 


DExexAmMuvaONZSe>A-OINMBADDYdD 
EE€xXxe<4qvuaon<cct >x-o-nmo<wa 
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The Periodic Table 
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Key Facts Educational Aids 


KEY FACTS CARDS 


Latin 

Julius Caesar 

New Testament 
Gorman 

Macbeth 

Geography Regional 
English Comprehension 
English Language 
Economics 

Elementary Mathematics 
Algebra 

Modem Mathematics 


British History (1816-1914) 
British History (1914-1951) 
Chemistry 

Physics 

Biology 

Geometry 

Geography 

French 

Arithmetic & Trigonometry 
General Science 
Additional Mathematics 
Technical Drawing 


KEY FACTS COURSE COMPANIONS 


Economics 

Modem Mathematics 
Aigobra 

Geometry 

Arithmetic & Trigonometry 
Additional Mathematics 


Geography 
French 
Physics 
Chemistry 
English 
Biology 


KEY FACTS A-LEVEL BOOKS 


Chemistry 
Biology 


KEY FACTS O-LEVEL PASSBOOKS 


Modern Mathematics 
Geography 

Biology 

Chemistry 
Economics 

Physics 


Pure Mathematics, 
Physics 


/ 
History (Political & Constitutional) 
History (Social & Economic) 
French 

English 

Regional Geography (British Isles) 
Technical Drawing 


KEY FACTS O-LEVEL MODEL ANSWERS 


Modern Mathematics 
Geography 

Biology 

Chemistry 


Physics 
English 
French 

English 


istory (1815-1939) 


KEY FACTS REFERENCE LIBRARY 


O-Level Biology 
O-Level Physics. 
O-Level Chemistry 


O-Level Trad. & Mod. Maths 
O-Level Geography: 
O-Level English History (1815-1914) 


i KEY FACTS A-LEVEL PASSBOOKS 


Physics 
Biology 
Economics 
Geography 


Chemistry 

Pure Mathematics 

Applied Mathematics 

Pure end Applied Mathematics 


KEY FACTS DICTIONARIES 


Biology 
Physics 


Chemistry 
Mathematics 


Cosmo 0 QIE% 


Prepared by specialist lexicographers employing 
modern computer techniques to select and assemble 
information, this dictionary is a further invaluable 
addition to the Key Faots range of learning aids 
designed to bring about examination success. 


The dictionary provides full and clear definitions of all 
the terms needed by primary, middle and higher 
education students. Symbols (1) are incorporated into 
definitions to indicate where more advanced 
information becomes relevant to students, making it a 


reference book essential to students throughout their 
education. | 


* more than 104000 words and 1600 entries 


* illustrations, diagrams and tables 
* quick and easy reference 


This book is a recommended reference tool in schools 
all over Europe and United States of America. 


OTHER DICTIONARIES AVAILABLE : 


* BIOLOGY e CHEMISTRY e PHYSICS 
* GEOGRAPHY e MATHEMATICS e BOTANY 


Rs.25/00 COSMO PUBLICATIONS 


